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' 1 INTRODUCTION 

M 

I. 

This is the fourth collection of abstracts of recent Soviet 

articles on generation and detection of internal waves.    It is based on 

items listed in the fourth Hibliography of Soviet Material on Internal 
w"aves'   published June 6,   1975 and covering material received from 
January through May 197S. 

I 

The abstracts are divided into internal effects,  and surface 

effects comprising active and passiv c measurement of wave states.    An 
author index is appended. 
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I.    Internal Effects 
Reproduced  from 
best  available   copy. 

Ozmuluv,   R.  V..   V.   S.   Bolyayev,  M,  M. 

LyubimtBev,  and V.    I.   Paka.    Investigation 

of the variability of \t\ d rophysical fields in an 

ocean test area.     IN:    .Sl>.   Issled.   izmenchi vost i 

gidroflz.  poley v bkcane.   Moskva,   Nanka,  1974, 

3-31. 

, 

I 

f 
«fe» 

A study is described on the variability of hydrophysical 

fields in the  oceaji over a wide ran^«' of space and time scales, as reported 

by the Shirshov Institute of Oceanology of the USSR Academy of Sciences. 

The sequence of measurements is described and illustrated,  using as an 

example one of the lest areas of the 7th cruise of the R/V Dmitriy 

Mendeleyev in 1972 (Fig.   1) 
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Fig.   1.    Schematic of test area for measurement of oceanic turbulence 
and hydrological conditions, with hydrological stations labeled by 
numerals.    Lower diagram is blowup of inset in upper map.   Key for 
measurements: 

1  - standard hydrological series bathythermography,  sounding h\   Aist 
probe,   and sounding of flow velocity by acoustic probe;  2 - sounding 
by Aist and acoustic probes; 3 - repeated soundings by Aist probe; 
4 - flow velocity and photothermography at moored buoy; 5 - temperature 
from radio buoy; 6 - electrical conductivity by sigma probe; 7 - bathy- 
thermography; solid line is path of towed turbulimeter. 
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The measurojnents in a Irst area   be^an   with standard 

observations at hydrological stalions (11.8. )•     1 he larj^e-Hcale vertical 

structures of T,  S.  a   and flow velocity inferred from these measurernentsi 

revealed that vertical donsity gradients are generated and maintained l'\ 

the horizontal transport of water masses which acquired their physit al 

characteristics before  reaching the Somalia Current.    i7i the   vi- jnity ol 

H.S.   490 (Fig.   1) there exists a weakly pronounced high-gradient layer 

and two almost opposite currents.        hi   order to obtain more detailed 

information on flow velocity structure near H.S.  490,   a moored buoy with 

BPV current meters and a recently developed acoustic probe was used. 

The probe detects Doppler shift of acoustic signals scattered at density 

inhemogeneities in a flow.    More detailed information and space-time 

vertical structure of T,  S,   and CT   was obtained by an Aist probe.    These 

measurements were supplemented by temperature observations at the 

radio buoy,  which revealed temperature fluctuations with periods of 3, '- 
- )       -1 

hour and 5-10 min,   und energy concentration at h   =   MO m and 1;      10     cm 

The most detailed  structure of hydrophysical fields were 

inferred from measurements of 11,11',    1 ,    1 ',  ^   and £' by towed sensor 
chains including thermistors,  capac itance-type transducers and Stolypin- 

type hot-wire anemometers.     1 he  results of these measurements are 

illustrated in Figs.   Z-6. 
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Fig.  4.    Spectral densities for small-scale fluctuations of flow 
velocity from measurements by towed chains at 20 (1),   33(2),   ^i (3) 
77 (4),  94 (5),   103 (b).   121  (7).   J 38 (8),   141 (9),   157 (10),   160 (1 1), 
168 (12),   195 (13).   and 213 m (14). 
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Fig.   5.    Intensity spectra for 
small-scale fluctuations of 
flow velocity from measurements 
by towed chains. 
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Fig.  6.    Spectral densitie-c for 
fluctuations of electrical 
conductivity from measurements 
by towed chains at 94(1),   138(2), 
141(3),   157(4),   160(5),   168(6), 
174(7),   195(8),   and 213 m (9). 
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The disKipation rates of turbulence energy and temperature 
-Z 2 -3 10   J  cm  /sec      and N inhomogeneities were calculated to be c 

2 5/4     3/4        3/^ deg   /sec,   respectively.    The buoyancy scale L- = e       /N  '    (ga) 

was found to be of an order of magnitude equal to that of "stops" in the 

fine density structure. 

io'3-io-4 

The results of measu rements of small-scale fluctuations n| 

electrical conductivity at large depths (to 1200 m) by a Sigma probe are 

shown in Figs.   7-10. 

/--'T 

f   ' QMllM-' CM' 

Fig.   7.    Sample records of mean electrical conductivity. 
Numbers are dentHs in meters. 

£(*),**'* en-' 

Fig.  8.    Spectral densities 
for fluctuations of electrical 
conductivity at large depths. 

1   - 645 m; 2 - 720 m. 
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Fig.  9.    Intcniity spectra for fluctuations 
of electrical conductivity. 

1  - 045 m; 2 - 720 m. 

**Eli)n",9**t*'J 

Fig.   10.    Dissipation spectra for fluctuations 
of electrical conductivity. 

1 - 645 m; 2 - 720 m. 
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I Dotsenko,  S.   F.    On the structure of wave 

mutiun in a flow having an arbitrary variation 

of density with depth.    IN:   Sb.  Morsk. 

gidrofiz.   issled.  No.   3(62), Sevastopol',   1973, 

32-41. 
I 
I 

Stationary internal waves generated by surface pifss'ire 

are analyzed in a linear formulation.    Plane stationary flow of a?i ideal 

incompressible fluid with undisturbed density  p    -- p    (z) is considered. 

The pressure   exerted   al the free surface of the flow is defined by 

i 

(1) i 

where f(x) is an even function,   equal to zero at   |x| > a (a > 0). 

Fluid motion is described by the set of equations 

(2) 

with boundary conditions 

p- frzO , ^ -\fTw~0   at    z~0 , 

Vi*z 0    at     Z - - /. (3) 

i 

Here l    - gHV     ; H is depth of flow;  V is flow velocity (V : const;; u,   w,   :-, 

and p^dynaiiuc disturbances of horizontal cUid vertical velocity,   pressure 

and density; and i,  - deviation of the free surface from z = 0.    Sol'ition of 

(2) and (3) is obtained in (he form 

\fZfl   J      A    J     ^ 
t-mx 

- mo 

where    ^t{A.'))^\N1i{/t,0,^)-9Wf{A,0, v>) . 

dm 
(4l 

rf 

_a. 
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The poles on the integration path for the integrand in (4) are discussed 

in detail. 

An asymptotic analysis of (4) shows that,  in a linear 

formulation,  pressure disturbances do not excite unattenuating waves 

at f   < v..    The wave motion generated at l>    < V  < V     ,    consists of 1 n n-M 
waves exponentially attenuating at   | x |-» i  oo,  and of an unattenuating wave- 

wake which is generated downstream from the surface pressure.    The 

wave wake represents a sum  of exactly n standing harmonic waves. m' 

The amplitude of every k-th unattenuating wave displays 

k-1 zeros in the interval (-1,   0).    The length of the k-th wave is greater 

than those of lower order wakes.    Dispersion curves m,   = m, (y) (k >  ! ) 

determined at 1/ >   V,   rise monotonically and have common asymptotes. 
1/2      - 

m    =    ß V        .    The number of unattenuating waves at u-* +   mis given by 

CJ -k-H'hJt*. 

I 

■...-; 

-1 
p n     at least n-2 In the case when a (z) - -p •o 

nodal points of bn (z) fall in the interval (z.,   z-).    At v-*- \   oo this interval 

narrows around z   .    Hence,  with an iiu rease of v ,   every internal wave 

concentrates its nodal points in the vicinity of the maximum densitv 

gradient. 

The author observes that the above established character ist b s 

hold true also for wave motion generated by other types of disturbances 

(bottom roughness,   hydrodvnamic actions,  etcj,  as well as for any 

continuously decreasing function p    (x)    which has at least one interval oj 

monotonic decrease. 

MMM«. - ■■■■-A-— 
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Dotsenko,  S.   F. ,   ami L.   V.   Cherkesov. 

Generation o£ internal waves by underwato i- 

disturbances.    IN: SI).   Morsk,   gidroflz.   issled. 

No.   3(62),  Sevastopol',   1973,   19-3J. 

Internal waves in an ideal incompressible inhomogeneous Quid 

generated by a moving immersed poinl   source,  are analyzed.     The 

linearized problem is solved for exponential change with depth of undisturbod 

density, pu     p^ (■/.).    The numerical analysis assumes no attenuation of 

wave amplilude with distance from the source.    Generation of waves by 

bottom roughness is discussed as well. 

depth H.  in the fluid layer - oo < x. <   i c» 
A point source with strength Q - const is assumed  located at 

H < Z<   O.    It moves at •.(•l<(.ii 
V   = const in the direction of negative x.    Undisturbed density p    decreases 

with increase of z.    For convenience,   the linearized problem oJ stationary 

waves in a flow generated by point source at rest is solved.    Fluid motion 

is described by the set of equations 

ux — ^So'fP. 

ax+ Wz=o , 
i I 

with boundary conditions 

(2 i 

Here v    = gHV   "; u.  w,   p,   and p   are disturbances of horizontal and verti   al 

velocity,   pressure and density; the source is located at. (0,   -h) f-ou < ;: 
- 1   < 2 < 0,  0 < h 1,   h      H.H' 

Analysis shows that nonattenuating wave motion is gem rate 

at a velocity V which is somewhat less than the velocity of long waves in a 

homogeneous fluid.     Als...   un (z) and wn (z) as well as wave number m 

for an individual standing wave are independent of the disturbing factor" 

generating it.    The  effect of fluid inhomogeneities on amplitude of the surfa 

1 I- 

« : 
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wave A,  (A       max (w    (/)i\ is weal   .tn<l diminishes with increase of V 1      n |    n     ' |/ 
(see Tig.   1). 

Fig.   1.    Amplitude of surface wave A.   vs. 
V and H,. m 

Characteristics of amplitudes o£ individual  intetnal waves 

are analyzed using expressions obtained with the Boussinesq approximation, 

assuming that z = 0 is a solid surfa' ••.    Amplitudes of individual internal 

waves al a given /, oscillate as h changes within the interval 0  _ h < I. 

For every n-th wave there are (n  -   I ) locations ol the source [or which it 

does not propagate into intinity.     Amplitudes of internal waves at l/"   > l^ 

and given h decreasr with increase of c  and   II and decrease of V.     At 

V^H>    f 0,   A-» H  ti> and  13   -> c«.     Hem e,  l'      V    are  resonant values and n n n n 
excitation of each new wave,   owing In Increase of l>    iias a resonant nature. 

At ^    < V < V   = Zv    the horizontal motion in the n-th wave is more intense n n ... 
than vertical, while at v  >   v    the  ojjposite is true. 

The net wave motion .it   i sufficiently   largi- distance from the 

source consists of a finite number ot standing waves with various lengths 

and amplitudes.    Characteristics of A(z) and B(z) (see Fip.   2) are determined 

by the longest individual wave. 

MlTilliirirlllir*"   ■■- ■   - ■■-■ ■ • ■ ■-■  ...■■---■.-.■->■-^■•--■-■■-tJ ^■^..■■-.--^.-■..-■■ -...■. .„.t. ., ||aytf^fr(r|||fr|Mia^r-^.i^....^.....^ 
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' 1  H10*   0 tn*   oils  BIS' 

Fig.   2.    Dependence oi   A(z) and B(z) on V and H 

a.  b- H. > 200 m; c      V      2. 1 msec -1 

Dependence of Ao      max A(z) and Bo  = max Biz; on H    and 

V (see Fig.   3) are determined by the longest individual wav.-,   nan-el\  In 

the N-th wave at V^ V < V^.    Consequently,  there are N-l locations of 

the source for which wa\ e motion caused by internal waves is weak. 

1 he authors note (hai   results on internal waves generated In 

moving surface pressure (Doticnko and Cherkesov,  I'm) can be applied to 

the case when stationary wavt s are generated from flow past a rough bottom 

where f(x),  an even function equal t" zero at   j\ 

from z -  -II. 

3) 

.  differs slightB 

I '. 

i''^■  .......     ...w. — ■      ■ ■■-.■      -.:■■'     ■■- ■   ■--■   ■     '■ -~~ ^l^.t,J^, ^.^V. .^—....    „■  
'■-'——'■"■-—■     - ■   '- 
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Fi£.   3.    Dependence ol  A    "ii H,  and V 
< > \ 

a - N   ; 2; h - M       }; ,    . N     4. 

Dotsenku,   S.   F.     tnturnaJ waves excited by a source- 

in a Quid Qow with a di .scMnlinuity layer.     IN:   Sb. 

Morsk,  gich-ofiz.   issled.   No.   2(65),  Sevastopol1, 

1074.  45-    1. 

Stationär, waves yenf-ratcd by an immersed point source 

in a continuously stratified flow arc analyzed.    The following is the 

formulation of the problem. 

Plane flow of an ideal incompressible fluid occupies the 

space -00 <x < I  >.,.   -||   _ ,-, < o.     F!,)W velocity V      const is in th. 

of positive \.     undisturbed fluid d<>i sity is 
di reel 11 'ii 

■ — -■■ -   M ■-•■■-■-    --     -       ■ -       ■    ■ ^^^^^y^^^^^^^^^^ww 
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'0     ft 

1 v zfi:* z ± 0 

exp[-K(7.-zf)\l       ^^ z^ 2/ 

"/' *(*r*z)   ,      -H* Z4zz , 

11 

The distvirbinj" source with strength Q     const is located at (0.   -11 ). 

Fluid motion is described by the sei  of equations giver by Wu and Mei 

(Phys.   Fl, .   v.   10.  no.   3.   1967). 

It is shown that wave- motion generated in this case represenls 

a sum of a finite number I>1" standing waves.    Variation with  respe< t to / 

of w    (s n),  corresponding lo individual internal waves,   is characleri: 

by  s-1  zeros and s extrema at  -11 < /. < 0.    When the source is  located within 

either the  upper (0 < H   < h.) or the lower (h.   t  h, <  11 < H) layer,   the 

amplitude of internal wavtis increases as the source approaches the 

discontinuity layer.    If the source is located within the  discontinuity layer 

(h.  <   H   < h.   f h?) then for every s-th internal wave there exist  s-1 

locations of the source   H       Wsi    [i       1,   ..   s-1) for which its amplitude is 

zero,   and s locations for which its amplitude is maximum.     These concluskm 

are illustrated in Fig.   1 which shov/s a (H) = A- (H)/A4 (0). 

• // 

Fig. Wave an,olit ud<    rs    H. 

1  - V     0.4 msec'   ;  I  - 0.43 msec"1 
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At »uffici.nHy largo distance from the source the wave field , 

t.uorkosov.  forei-oinu abstrarfl      a 
L....si.act).    A       max A(z) is reached ir, the 

.sc.,,,,..,.,,,,, layer.    Wh„n the source ]s ^^^ ^ a   

'He wave r.eld A,.) is determined by the .engest individual wave. 

fi the source is located in a disc 

wave becomes predominant.    Fig.   Z uive 
ontinuity layer (IK- (n   .   n.^ 

s Ao (H) for V _ 0. 5 (V 

^ ^ 
w- 

./.^/'    . 

Fig.  Z.    A^ vs    H. 

1   " " = ^1 ^  - n       ?; 3  - n 4. 

Fig.   3-^ws that ifthe source is located within the  . 
wave ajnplitudes decrease with V.    if the s 

layer,   the most intense internal w 

increases as the source de 

ipper layer,   internal 

ource is located within the lower 

/0 

15 

Jo  10 

a" es are generated at V 

parts from the discontinuity layer. 
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Doteenko,  S.   F.,   and  1..   V.   Cherkesov.    On 

internal waves uj^tWianitv of a moving pressure 

area.    IN:   Sb.  Morsk.  gidrofiz.  Lssled.  No.  4(63). 

Sevastopol1.  1973,  11  23. 

Stationary   surface aiul internal waves in a continuously 

stratified fluid,   generated by a moving surface pressure area,   are 

analyzed.    Special attention is given to the wave pattern in the vicinity oJ 

the pressure area.    A criterion is formulated for determining the region 

in which approximate analysis of the wave field is applicable. 

Plane flow of an ideal incompressible fluid with undisturbed 

density p   = p U) is considered.    Surface pressure is defined by p = af(x. 

where f(x) is an even continuous function equal to zero at | x|   > a.       The 

linearized problem is solved for 

/= 

»•   2x ccs m d i 0       /        % r     ZK ccs mi     \ 
eosHX,    \x\<e      [^ /f   J~    HZ~ml     I 

i) 

.,-'■'.■4 

» 

K 

A numerical analysis is inade for 

The particular ease of a wave field attenuating with distance is considered. 

It is found that generated wave motion consists of two wave 

fields:   one that exists both before and behind the moving surface pressure 

and which attenuates exponentially with distance; and a second which exists 

only at x > -I (wave wake) and which  represents a sum of  a finite number of 

standing waves.    Attenuation of the former field (w(0)) at   |x|*cx) decreases 

with increase of V (VH < ^   < ^ i)- 

Characteristics of wove motion at x <_ -Ü are determined 

for the attenuating wave 1M Id.     Fig.   I a.      shows the vertical profile of 

W = w M.2)/wM.,z   1 where z      /    .   - r.-sponds to max ) w(-^.   .11| • 

-■    -- ' ' —■■—--■ ' ^Ma**iMfciii     1     ■■        -j - ■  ■      ■      .■^.■■^•J--i.^^..  ..■^trtl^.li.^...   ..^ .1.>^.^.^,AJ--*.J 
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-'.^ F      /• 

^ ^ 

\ 
-S. w 

^^  I 

Fig. 

a) 0 - \       1. 1  V,;  1-4 - V      ö, 5 (V^  I   Vnll), 

n -   1-4; b)  I-4  - n   :   I-4.   respectively. 

The dependence of A     ma-    |w{-£,2)| on V (\nl j  -   V < V^) is yivon in 

Fig.   1, b,Behavior of u (-f.   z)and^(-fi.   x) is similar to that of w (-£.   2 

(see Fig.   Z). 

c,5 
■*r- 

f.S '.C 

■3^ 
i 

;  y •'S 

il 

f'(\ N 

\ 

Fig. .,.. 

V      0. 5 (V    H   V,,). 

It can bo HOCü that mux | u \-i, /.)| is reached at the In«- 

surface. Thus tlu> arrival of the moving pressure area at a given point 

is preceded b\ deformation of the fror surface and exi itation of a wave 

field which can l>c signifh ant at s ime v  which is ■ lose to   but s; .aller th 

■li'irtliifriiT- ■■—^" --^--c^^'^^t^— — ^ -^^- .....^..v-.   ■.^.,.■.->.*...^ -. .:.:..^/|,fc--.f1-ii,Bi.'--'- ^■-- ■>;^^i.-^w..yi.^„.-^..^. , ■   -.^-^ .   ,. ..,,,,.^^^JI,.,.*,^^.^.^..:^^^ 
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The dependence «m v oi (Ifflection o£ free surface undci- 

the pressure area,   calculated by a u.-ncralizcd Prcudman's fornuila,   is 

shown in Fig.   3.    Characteristics of atteimating wave .field under the 

pressure area are shown in Fit.',.   4. 

I 
I 

J 
IM 

j 

i *J 

f f   i      ( 
Fiü.   J. 

^—,^ 

i     t     . ■■-' 

I 

;'^, 

\ 

^r' c- ri3 ^ 

Fiu.  4. 
[0] 

A(x)     max    w     (x,   /.) ; 
z 

(0) 
I^xl     max     ii      (x,   z) ; 

z 
(0) 

C(x)      max      t,      is,/.); 
z 

D(x)     ^,0)(N.   (M. 

^     a 

I','- 

WMS 
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The largest deflections of flow lines fron, their 

undisturbed position occur within the fluid (Fig.   4.1.) ar.d significantly 

exceed displacement of the free surface.    At V+ ^  - 0,   1W ,  oo and 

C- + a,.    Hence,   v  = ^ are resonanl values for the attenuating field 

On the other hand,   u   = ^ are resonan! values for an unattenuating field 

(Dotsenko,  1973).    Consequently paramel ric transformations of an 

attenuating into  unattenuating wave and  vice versa have a resonant nal .re 

Thxs shows that at a v slightly smaller than ^   variations of wave field 

wxth respect to x and z.   both under the pressure region and in close 

proxxmity to it.   are determined by attenuating waves,   variation of the 

wave field with respect to x and Z as x-a. is determined by unattenuating 
waves. 

Grishin,  G.   A.,   and V.   V.   Yefimov.     Wind 

waves on steady vertically nommiform currents. 

Morskiye gidrofizichesldye issledovaniya.  no. 
4.  1973,  24-42. 

The probten, is analysed of surface wave disturbances 

caused by simultaneous effects of wind and a time-invariant fcranslational 

current with a vertical gradient U(z) of average velocity.    The equations 

of motion are solved for the flow function with allowance for wind energy 

transfer to the waves and seawater turbulent viscosity.  ^    The parameter 

is introduced into the dynamic boundary condition to descr.be th.   ra,,- of 
wind energy transfer.    The small parameter 

( 1 i 

a. {lvn,\S/u 12 
(21 

is the characteristic of wave energy loss due to v   .    | 
€   = Uo/Co iö thc Pai'ametcr of average current effect 

n equations i 1 i and 11, 

on waves.   C       ui   Ik' 

20- 

■ 
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is the characteristic: phase velocity,  Cü    is the characteristic frequency of 

surface oscillations,  1< is the wave numher,  and U    is the characteristic 

scale of translational current.    The boundary value problem is solved by 

the method of successive approximations in the form of the asymptotic- 
series 

J, L-o (3 

where c^   - ak is the wave slope (a is the wave amplitude). 

New characteristics oJ .surface waves are revealed by 

solving the viscosity problem with allowance for the effect of a steady 

vertically nonuniform current.    An additional factor (]  + 2c/x-l  2), where 

X   is a dimensionless factor,  in the expression of the dispersion ratio 

-JW^M- (4) 

takes into account the effect of steady current with U(z).    Both viscosity 

and current wave interaction result in additional vorticity of wave motion 
in the surface layer. 

Interaction between different vortices is reflected in 

formulas for the normal and tangential Reynolds stresses üw which arc 

associated with periodic disturbances of the velocity field.    The components 

u and w of wave orbital velocity are formulated and the vertical profile of 

phase shear <p uw is calculated (Fig.   1). 

f**!' 
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Fig.   I.     Phase shear hetween u and w vs.   depth at: 

1 - a 0. 3. H. = y 
C -U.Z; 3- a = U. 
a- 0. 3, >     I, x = 12. e 

,   t     0.2; 2- a       0. 3,  x .- y     1 
>       I,  X = 2,   € = 0.2,   and 4 - 

•0.2. y =  1-21/ TZ/^T arc 

coefficients of turbulent viscosity whicli determine 
tangential and normal Reynolds wave stresses. 

Nekrasov.   V.   N, .   and Yu.   D.   Chashechkin. 

Measuring velocity and period of internal oscillations 

of fluid by the nu'thoiI of density marks.    M el rologi ya . 

no.   II.   1974,   36-41. 

The method discussed uses density marks generated by the 

hydrodynamic wake of freely ascending gas bubbles,  together with optical 

■ ■ 

■ 
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recording.    It depends on an even and linear motion of gas bubhlos whicli 

caji be realized if Re - ZVr/t)    < 220,   where V is ascent rate an«! V 

is kinematic viscosity; i.e.   the optimum  radius and ascent  rate for i>as 

bubbles are Ü. 2 cm < r < 0. 0()()3 cm and 4 (•ni/Bec< V < 15 cm/sec, 

respectively.    The experimental arrangement employed is shown in  Fig. 

3»  ' 

V 
MT 
IJ .1 m ̂

 

Fig.   1.    Bnbble tracker, 

1- motion-picture camera; 2- Foucault wedge; 
3,0- shadowgraphs; 4- lateral walls of optical 
glass;  5- air nozzle; 7- vessel with stratified 
fluid. 

The principal cited advantages of the use of density mark? 

produced by gas bubbles include their long lifetime (25-30 .seel and high 

contrast.    In addition,   if several density marks are produced simultaneonsl 

they cam be used in the study of a flow structure in the direction of optical   ' 

of   the shadowgraph,   which is important in the case of a three-dimensiona] 

nonstationary flow. 

VIas'iv,   Yu.   N.     Usintj ojjtical marks in 

hydrodynainie: investi£.iiions to obtain uniform 

measurements of vebu ity and turbulence of Quid 

flows.    Metrologiya, 11,  IV14.   20-36. 

Theoretical and experimental aspects are dificussed of the 

generation of optical marks (density   inhomogeneities) by variam i' in 

temperature,  pressure,   and salinity in a small volume of fluid.    Special 
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emphasis is given to production of optical marks by laser irradation. 

Errors in measuring velocity of a .-itationary laminar    flow by the method 

of drift time are analyzed. 

A theoretical study of the dynamics of laser-produced 

density inhomogencities,   which was made accounting only for thermal and 

electrostriction effects,   showed that density change dependH on laser 

pulse energy.    Furthermore,  enhancement of thermal effects and 

suppression of electrostriction effect in obtained by increasing absorption 

coefficient and pulse duration.    Experiments with free-running (r  = 5xl0~   sei 

and Q-switched (T - 2x10     sec) ruby and neodymium lasers demonstrated 

that a free-running Nd laser (T = 10       - 10       sec) is the most suitable for 

production of optical marks used in hydrodynamic studies (Fig.   I). 

t,i T 

~k 
y T r^r 

Fig.   1.     Laser-induced changes of refraction 
in fluid at various time increments. 

The relative error in measuring velocity was found to b 

0.2-0.3%. This high accuracy makes il possible to use optical marks 

in calibration of velocity transducers. 

24- 
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Designlnu a recordiii^ HyHlem for tjlMidyinn Hu^ 

liiK; st riuture ol llie   >'rt-üii.    IN:    Sb.   Isslccl. 

L/anenchivosti gidroliz,   poley v okeane.  Moskvaj 

Nauka.   1974,   155-J62, 

This article lists Lmpruvemcnts introduced into Lhc 

recorrling systems for studying the   fine structure of hydrophysical fields 

in the ocean during the 7th cruise oj the R/V Dmitriy Mendeleyev   in 

1971-1972.    Specifications for instrumunts which comprised lhc towed 

measuring system (ii1-;.   I) employed in Lliese measuremenl  are listed in 

Table  1.    Gradual eniaruemenl oi thi-scope of measurements and 

''.'£- 

< • 

!-"iL;.   i .     Configuratii 
.-. \. stem. 

;<£] J 

* ■ , a    a . 

I "wefi  in.si nui ''"n 

refinement of the recordiiig sysltun .nc i I InstraLcd in thrrc; i>l"i 

diagrams lor different tt-si  areas. 

■ 
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Hie most recent version ol the recoi'ding system -n< Lutlec) 

gradient meters ami an additional harmonic analyzer.     The gradient 

meters indicate temperature gradients above and below the twin Instrument 

pods,  namely  AT,.  = f-  •   T- and  AT..       i B 
•I 3 and  AT,, T..     These measurements 

4 
enable an operator to seek a desired measuring depth and make necensary 

corrections in the towing depth.     fhe bathytherinograurj in Fi^.'.   I illustrates 

the control of measurement depth,   using preset values of AT., -   AT 

as criteria.    The additional harmonic   analyzer is used to control quality 

of data on fluctuating parameters a:^   regards   noise introduced by   shipboan 

systems. 

Fig.   i.    Schematic  bathythermogram with sections 
identified by   tiradient < rHeriai 

Descriptions of the sensing elements,   recording .ir.<    displa 

hardware are included for several test  .ireas. 

Belyavev.   V.   S. ,   A.    ■..   Gezentsvey,   and H.   V . 

Ozmiiiov.    Intensity^ spei t ra of ii.irropulsations oj 

flow \ oloci| \  and rlis_sipation of kinetic energy in 

the ocean.     IN:   Sh.   Isslcd.   i/.menchivosti gidrofiz, 

poley  \  okeane.   Moskva,   Nauka,   l'j74,   31-41. 

A des« riptii n was given ol kE.  (k) ami k   E.  (k) Mr small- 

scale fluctuations of flow    clocity   in llic ocean.    The calculations wen- lias« 

"■■ ■ •-■   --   ■■-   ■ ■■ ^■-^-^-■-- 
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on measurements in lest areas V,   VJ and VII of the 9th cruise of the 

R/V Akademik Kurchatov in the Atlantic Ocean,   1971,  and in tost areas 

V,   VI,  and VII of (he 7th cruise of the R/V Dmitriy Mendeleyev in the 

Indian Ocean,   1972.    (This is an extension of the paper by Belyaycv 

et al. cL Sov.   Mat'l on Int'l Wave Eff. .   no.  2,  1974,  13.)     The measure 

ments were carried out by   a towed array of sensors of the hot-wire 

anemometer type,  as described in the foregoing abstract by Vorob'yev 

et al. 

Randomly selected spectra for one test area for both 

Atlantic and Indian Q-eans are given in Figs.   1-4. 

•'.,/. ftf ' rn* SCL ■.'    a 

'.■>-' It»        K.t*-' fO' -., 

Fig.   1.    intensity spectra for fluctuations 
of flow velocity in test area V of the 9th 
cruise of the Kurchatov at depths of 30 (1), 
40 (2).   50 (3).  60 (4),   70 (5),   80 (6),   and 
8 7iii (7). 

■Mt-fni« mm  in 
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Fig.   2.     Dissipation spectra for 
fluctuations of flow velocity in 
test area V of the 9th cruise of 
the Kurchatov.    Desi^nalions as 
in Fig.   1. 
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Fig.   3.    intensity spectra for 
fhictuations of flow velocity in 
test area VI of the 7th cruise of 
the Mendeleyev,  at 80(1).   90(2), 
104 (3),   128 (4),   136 (5),   142 (6). 
150 (7),   163 (8), and 176m ("). 
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Fig.   4.    Dissipation   spectra fur fluctuations 
of How velocity in tesl arc VI of the 7th cruise 
ol the Mendeleyev.    Dosignations as in Fig     \ 

The calculated dissipation rates in en,2 x sec"2 arc 
10'".   10      ,   and  lU''   -   |( 

Ocean;   lü"1  to  lO-2 Ln test area  V i,   nu- |,,ciian CA-.-aru 
in test   ir.-as  V.   VI.   and VII in the  Atlant,, 

A comparison of kEj   (k) and l^E,  (k) for different, test 

areas gives evidence thai their shape, is oJU-n a function of the general 

level of energy in the medium.    Al the same time,  the position of the 

energy-supplying region ran vary for different depths and test areas 

iüüi ^i i' ■ i • ■ iin -»-in f„ynr^^--^^*--"^^-^-- -  - ~ ^.^.- -i—n^^******^****^^!^,^^^—..— 
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The authors note that the complex structure of kEj (k) and k E^ (k) 

reflects a complex conjunction of mechanisms of generation of turbulence 

and simultaneous existence of turbulence and high-frequency internal 

waves (e.g.   Curves 1 and 2,   Fig.   3),  which demands still more 

sophisticated recording techniques over a broader range of wave numbers. 

Vorob'yev,   V.  P. ,  N.   N.  Korchashkin,   and 

O.  N.   Nikolayev.    An attempt at studying the 

microstructure of tho electrical conductivity 

field in the ocean by a sounding method.    IN: 

Sb.  Is sled,  izmenchivosti gidrofiz. poley v 

okeane.    Moskva,   Nauka,  1974,  61-6 5. 

Sounding experiments are described in the region of the 

Comoro Islands,  perfurmed during the 7th cruise of the R/V Dmitriy 

Mendeleyev in the   winter of 1972.     I en soundings at 40-bO minute 

intervals and descent  rates of 0. 7 - 1.3 m/sec were carried out by a new 

fast-response probe.   (Fig.   1). 

QEhn—H —_,   n     M 

1 J 
K3Ht 

l ss-czH-a^t-^ J     IL_J     L. 

Fig.   1.    Diagram of measurement of electrical 
conductivity in the 300 m oceanic layer. 

1- probe; 2- three-wire cable-hawser; 3- onboard 
recording unit; 4- hylroresistor;  5- sensor; 
o- oscillator (5 MHz); 7- detector; 8- amplifier; 
t'- operational amplifier;  10- DDV typo pressure 
indicator. 
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The volumo of sea water in the detecting element of the 

probe between the central and circular electrodes is approximately 
3 3 mm  .    The electrodes arc connected to oscillator 6 such that a change 

in electrical conductivity of sampled water changes the amplitude of the 

generated signal.    The background noise of the measuring system is 

given as 3. 5 x 10      mS/cm.    The slope of the detector output is Imv/mS/cn 

The results of measurements are briefly summarized as 

follows.    The vertical distribution ul the mean electrical conductivity has 

a step structure (Fig.   2).    The lifelime of vertical inhomogeneities in 

Fig.   2,.    Vertical profiles of mean (I) and 
fluctuating (2) electrical i-onductivity measured 
by the sounding method. 

32 



mwmmm f^rnm^^^pm-M ■-, ;/;.,r.. 

■ 

I 

■ 

i 

I 

electrical conductivity is  less than I hour.    The dissipation rate for 
5        2 I temperature inhomoyencities is similar for all depths,  and is 5 x 10    cleg  sec 

The fluctuation field of conductivity is homogeneous over the entire test 

300 m layer  (Fig.  3).    The sharp increase of the spectral density in the 

upper thermocline (curve 1,   Fig. 4) may indicate the presence of high- 

frequency internal waves. 

en 

s | 

ov     «/      (is-* rrsec 

m 

i 

Fig.   3.    Normalized correlation functions 
for conductivity fluctuations measured at 
100 (i),   ISO (2),  200 (3), and 250m (4). 

E (k) de«    x cm 

M'I.CM' 

Fig.  4.    Spectral densities for conductivity 
fluctuations at 50 (1),   100 (2),   150 (3),  200 (4), 
and 250m (5). 
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Belyayev,   V.  S. ,   A.   N.   (inzenfsvey,  and 

R.   V.   OzrnifJov.    Sp< ( I ral characteristics of 

pulsations uf electric al conductivity field in 

the  ocean.    IN:   Sb.   Issled.  izrnenchivosti 

gidrofiz.   poley v okeann.  Moskva,   Nauka,  1974, 

42-49. 

The   spectral functions E^k),  kEj  (k),  and k2E   (k) for 

small-scale fluctuations of electrical conductivity in the ocean were 

computed, using data collected in test areas 1-VI and VIII of the 7th cruise 

of the R/V Dmitriv Mendeleyev.    The measurements were carried out by 

towing three slightly differing arrays of fast-response sensors with an 

average spatial radius of 1 mm. 

The spectral density curves Ejfk),   calculated for various 

test areas and depths,  follows a power law, the exponent varying from 

-1.4 to -3 (see Figs.   1-7).    The intensity spectra KE^k) increase nearly 

uniformly with decrease of k (see Fig.   8) in all test areas.    However,  they 

can peak within the low wave number range at certain depth levels (see 

Fig.   10).    The dissipation spectra k   E.(k) are very peaked and generally do 

not show maxima within the  considered k range.    The only exception appears 

to be the k  E  (k) spectra of test area VI (Fig.   11). 

The authors point out that spectral characteristics of 

small-scale fluctuations   in electrical conductivity in the upper ocean laycM 

vary widely, irrespective of lar^e-scale hydrological conditions.      They 

suggest that the diverse shapes and levels of spectral functions observed, 

which are not correlated with large-scale hydrological conditions,   indicate 

existence of different mechanisms of generation and decay of small-scale 

inhomogeneities in the electrical conductivity field. 
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Fig.   1.    Spectral density E  (k) 
for fluctuations of electrical 
conductivity in test area 11 in 
the Indian Ocean at depths of 
77 (curves  1) and 120 m (curves 
2).   (vertical velocity gradient 
1. 5 cm/sec/m). 
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Fig.   2.    E.(k) for a' in test area 
IV at depths of 49 (1).  60 (2), 
65 (3),   67 (4),   70 (5),   75 (6),   80 (7). 
103 (8),  and 120m (•').    (curves  1-7 
within a homogeneous layer; curves 
8 and 9 within a quasiliomoyeneous 
layer). 
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Fig.   3.    E^k) for a1 in test 
area VI at depths of 10 (1), 
14 (2),   54 (3).   60 (4),  08 (5), 
and 89m (6).   (curves 2-5 
within constant density gradient 
layer; curves 1 and 6 at the 
upper and lower boundary of the 
constant density gradient layer.) 

£/(*),'*'***-' 

Fig.  4.    E  (k) for a1 in test area VIII 
a* depths of 55 (1),  95 (2),   110 (3), 
141 (4),   145 (5),   161 (6),   170 (7),  and 
175m (8).   (various values of density 
gradients) 
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Fig.   5.    E  (k) lor a' in test area 
111 at depths of 35 {I),   52 (3), 
70 (4),   72 (5),   91 (6),   103 (7), 
118 (8), and 127 m (9).  (various 
values of density gradient) 
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•f en ■' 

Fig.  6.    E.fk) for a' in test area 
V at depths of 55 (1),  80 (2),   90 (3) 
100 (4),   105 (5),   115 (6).   120 (7), 
129 (8).   150 (9),  and 187 m (10). 
(curves 3-8 within density discontinuity 
layer; curves 9 and 10 within quasi- 
homogeneous layer). 
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Fig.   7.    Ejlk) for a' in lost area VI from 
repeated nieasuremcnts at depths of 23 (1) 
f?<2)'   7; (3).  75(4).   106(5).   125(6).   132.7). 
146 (8),   149 (9),  and J 17m (10). 

38. 

KmiMikKW-...^     '   ,   ..,.   .   :.;■.■..:, 

iifiWllril'i-i     I      . ^ ,.>..^^.-^i.^.^ä      ..':.^^.^^..^'-,    .-...'..■■•    .,E!..L^..-^.lj.^.^t^i^.^:^^-^^«W^^^^*^ -     .^.._    .:    .,    L-   ..::■,...■...■.^.    -.  ; ::■..:..  .-.■,-^,!--J,.   



T 
I 
I 
i 

ii 

a 
i 
i 

i 

i 

I 

1 

*[,!*), W* CM-*   b 

*e,l*lf0i**m*tM-*       a 

2/0-'* • >„ \ 

f.SW'* 

f-fß-'Z 

S!0 ',J 

r 

. v-... 
v. 

i  
fO -I .'0°  K,CH' 

Fi^.   8.    Intensity spectra kE, (k) for a' in 
test area II at depths of 77 (l/f  and ] 20 m (2). 
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Fig. '). Dissipation spectra kE^k) for 
a' in test area II at depths of 77 (1). and 
120 m (2). 
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Fig.   10.    Intensity spectra kE,(k) 

l*J1)'   14.2)'   54(3).  60(4).  68 M and 89 m (6). 
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i Pozdynin,   V.   D.    Stallstical estimates of the 

parameters of small-scale ocean turbulence. 

IN:   Sb.  liisled.  izmenchivosti gidrofiz.   poley 

v okeane.  Moskva,  Nauka,   50-61. 

11 

i 

Statistical data on small-scale turbulence taken during the 

9th cruise of the Kurchatov in the Atlantic,   are discussed.     Taylor's 

microscale Xo.   correlation radius V ^intensity ~) 2f   and dissipation 

rate €    of turbulence were computed using data on fluctuations of now 

velocity obtained in test areas V.   VJ.   and VII.    Total numerical data for 

all test areas and different depth levels are tabulated 

In all test areas r0>os is statistically homogeneous within 

the  depth range fron,  30 to 80-90 m.    Its mean value was 50,   39.   and 38 cm 

in test areas V,   VI,   and   VII,   respectively.    In all test areas its variability 

in the horizontal direction exceeds that in the vertical. 

In all test areas Ao maintains statistical h 

within a thin water layer.    Its statist irally significant valu 
omogeneity only 

es are: 

Test area 

V (29   SO'S; 4.,   O'W) 

VI (ZSVS; 30fVw) 

VII (OV; 24O0'W) 

Depth, m 

30-60; 40-90 

30-50; 60-70 

30-40;  140 

Taylor's microscale.   cm 

1.8; 1. 1 

0.8; J. 3 

0.9;  1.6 

However, in all areas (n')Z varies widely.    Its statistically 
significant values are: 

Hhiiuu 

• n- 
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Test area 

3 

I 

J 

VI 

VII 

Depth,  m ,2           2,2 u"   ,   cm   /sec 

30 
40-50 
50; 70; 87 
60; 80 

1.01 
0.61 

18.59 
7.41 

30 
40; 50; 60 
50 
40; 60; 77 

5.80 
3.21 
1.77 
0.82 

36; 90;  110; 
52 
73;  140 

J. 38 
1. 86 
t). 62 

The dissipation rate calculated hy 

e=15v_. 
(1) 

where V is viscosity,  varies greatly and statistically significant values 

are found only locally.    Fig.   1 gives a    comparison of present results and 

those reported earlier by Belyayev et al.    (Sov. Mat'l   on Int'l Wave Eff. , 
no.  2, 1974,   7). "~"       ""     "~ ~ 

^.•'.V !..W /•"•tec 

4^. s '■>> 

) .,■■ 
'/ 

/.'y 

Fig.   1.    Vertical prolilos for the rate of 
dissipation of turbulence energy. 

1- present results; 2    calculated using 
universal curve; 3- calculated by Belyayev. 
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A comparison of variability of the Btudicd parameters is given in Figs. 
2 and 3. 

f.O q 
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SO 

fßO 

Fig.   Z.    Vertical proliles for the coefficient of 
relative variabilitv of €    (1),  (u1)2 (2). X    (3) 
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Fig.   J.    Vertical profiles for (u')    am! e in t 
VU (c). 
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The aUth0r 0b8erve8 that th« variation of dissipation rate 
€ xs desterrmned mainly by the level of the turbulence energy. 

Shishkov,  Yu.  A.    Meteorological data frorr, 

experimental studies of turbulence in th* 

2£ea±_ IN:   Sb.  Issled.  izmenchivosti 

gidrofiz.  poley v okeane.    Moskva,  Nauka 
1974, 66-71. 

Requirements for meteorological observations prior to 

and during measurements of oceanic turbulence are discussed.    The 

crxteria Tor duration and periodicity of these observations are recommended. 

the    H .     ■ AS ' Criteri0n f0r Peri0dicity of meteorological observations 
the characterise decay time Tx for oceanic turbulence in the absence of     ' 
exterior sources is sueeesfpri      TTr.^ -, J- i- — .?      ? i » auggescea.    For a dissipation rate e = 10    cm  sec 
and initial fluctuating velocity v = 10 cm sec "1, 

2 
T    = v  /2c   =1,4. hour . 

x (1) 

orior t •AS ' Criteriün f0r dUrati0n ^ meteo-logical observations 

wh ch rTT1"1"8' the time '^ diS8ipati0n of-ospheric formations 
which affect large-scale density structure in the ocean is suggested. 

Dissipation time lor the kinetic eneri, ■ of , =;  s t 
and v - 10 m ,.  -" °f » 5. b km column of the atmosphere 
and v    ,0 m sec        WaS estimated to be 1. 3 . 21.2 days. dependi     on ^ 

dissipation or kinetic energy per cm2 due to surface drag Md turbulent 

friction used in calculations (150 - 2500 erg sec"1). 

oh , J^ aUth0r thUS reco^end8 that periodicity of meteorological 

experiments should be 7 to 10 days. 

-44- 
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t Lozovatskiy, I.  D.    On the balance of turbulent 

energy in the ocean.    IN:   Sb. IsBled.  izmenchivo- 
sti gidrofiz. poley v okeane. Moskva,  Nauka, 
1974.   71-75. 

1 
t 

An estimate is made of the exchange of kinetic energy 
between mean and fluctuating components of motion, described in the 
energy balance equation 

HE. d   / 1                 \      ______    •» 
-äT + ^{£fi* + —iW. + P\ ~ u^ = f^T - pe", - p^ -± , 

(1) 

where p   is density.  ua   and u'a    are mean Md fluctuating velocities, 
p^ = fluctuations of pressure, ß   = coefficient of molecular   viscosity. 
X a   = fluctuations of exterior forces,  and      pe.^.^/d,. is mean 

energy dissipation due to viscous forces.    The estimate is based on "fixed- 

series of measurements of flow velocity at 300 m depth, measured in the 

Atlantic test area.    The maximum length of the test series was 47 days,  the 
averaging interval 3-8 hours. 

t| 

Tabulated results of calculations are given in the article, 
and illustrated in Fig.  1. 

Fig.   1.   isolines of 2Et (cm3/sec2) in the Atlantic test 
area.    Numerals indicate nu-asuring stations. 
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Results show that the exchange of energy between mean 

and fluctuating velocity in the considered scale range is exceeded by the 

transfer of energy by turbulent viscosity.    The time variation of the 

density of turbulent energy is determined mainly by diffusion,   i. e. 

turbulence within the considered scale range is not homogeneous.    The 

author notes that "fixing" of time series as well as insufficient accuracy 

of determination of space derivatives of the velocity field may introduce 
errors in the results. 

Vasilenko,   V. M. ,   and L.  M.   Krivelevich. 

Statistical characteristics of currents,  based 

on observations  in the Atlantic test area.    IN: 

Sb.  Issled.  izmenchivosti gidrofiz.   poley v 

okeane.  Moskva,   Nauka,  1974,   76-83. 

Measurements of flow velocity in the tropical Atlantic 

during February - September 1970 were made with an Alekseyev current 

meter with reading intervals of 30 minutes. 

The results of statistical analysis are given in Figs.   1-7. 

It was observed that the energy of fluctuating velocity 

components deer  ases with depth,  the sharpest drop  being below the high 

gradient layer. Spectral densities of (u1)  ,  (v')2,  and uV in the 1-10 

hours range decrease in proportion to a -1.4 to -1, 8 power law,   or very 

similarly to Ozmidov's -5/3 power law. 
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MJO-W.KV 

Fig.   1.    Histograms of probability density for direction (A) and foi 
magnitude of latitudinal (B) and meridional (C) components of flow 
velocity at depths of 25 (1),   300 (2),  and 1000 m (3). 

a- observations from 5/27 to 6/20; b- from 7/16 to 8/09. 
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Fig.   ti.    Variation in ^4 hour mean velocity 
of flow during one measuring cycle at depths 
ol 25 (a) and 100 m (b). 

Fig.   3.     Vertical distribution of the energy 
of u' (1) and v' (2) velocity components. 
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P'ig.   5.    Spectral densities for (u1)    (a) an(i (v1)    (b) at depths of 25 (1), 
100 (2),  and 500 m (3) at station   lü„ 

-3 
u'vU** 8ec 

ire ton   so        v.* ' t, 
Fig.  6.    Spectral densities for u'v' .it depths of 25 (1),   100 (2),   and 
500 m (3) at station 10. 
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Fig.   7.    Spectral densities for u' (a) and v' (b) velocity components at 
depths of 25 (1),   100 (2),  and 500 m (3) at station 10. 

Denilov,   A.   Yu. ,   and I.   D.   Lozovatskiy. 

On the  inertial interval in spectra of turbulence 

in a stratified fluid (Heisenberg - Monin model). 

IN:   Sb.  Issled.   izmenchivosti gidrofiz.  poley v 

okeane.    Moskva,   Nauka,  1974,  83-91. 

I 

The effects of ocean stratification on the inertial interval 

in the  turbulence spectra are determined analytically.    The solution of the 

equations for balance  of turbulence energy and intensity of temperature 

inhomogeneities in spectral form (Monin and  Yaglom.   1965) is obtained in 

-51 
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parametric form,  using the generalized Heisenberg closing as proposed 

by Monin (1962) for a turbulent flow with gradients of mean velocity and 
temperature fields. 

Results are shown graphically and compared to those of 

other authors who have analyzed the effect of stratification on turbulence 

parameters.    The present authors conclude that a proper evaluation of 

experimental vs.   theoretical findings requires not only data on fluctuations 

in the velocity and temperature fields,  but also data on the mean gradients 

of these fields at the measurement points.    To date such measurements have 
not been made. 
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parametric form,  using the generalized Heisenberg closing as proposed 

by Monin (1962) for a turbulent flow with gradients of mean velocity and 
temperature fields. 

Results are shown graphically and compared to those of 

other authors who have analyzed the effect of stratification on turbulence 

parameters.    The present authors conclude that a proper evaluation of 

experimental vs.  theoretical findings requires not only data on fluctuations 

m the velocity and temperature fields,   but also data on the mean gradients 

of these fields at the measurement points.    To date such measurements have 
not been made. 
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Ivanov,   Vu.   A.,   Ye.  G.  Morozov,  and 

A. S.  Samodurov.    Internal tiravity waves 

in the ocean.    IN:   Sb.  Issled.  i/.menchivoati 

gidrofiz.   poley v okeane.    Moskva,   Nauka. 

1974,  91-98. 

! 

A review is given of the results of experimental and 

theoretical studies of internal gravity waves in the ocean, as recently 

reported in S.viet and Western publications.    The following is a summary 
of the Soviet results only. 

The energy distribution for fluctuations of temperature and 

flow velocity shown in Fig.   1 was obtained by Brekhovskih etal.   (1971) who 

analyzed extended series of measurements in the Atlantic test area.    Ivanov 

and Morozov (1974) suggested that fluctuations of hydrophysical fields in the 

S. '.'eg    x sec 
MM 

:i!iw 

mo 

It, hrs 

Fxg    I     Spectral density of temperature 
fluctuations at a depth of ZOO m (Atlantic 
test ar.a.   1970).    Length of the senes = 

> months,   reading intervals = 30 min. 
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l 
] ocean with tidal periods are determined by internal gravity waves with 

wavelength of 110-120 km.  and a t unslant propagation direction.    The 

following table gives,  as an illustration ofthat suggestion,   coherence 

and phase shift for temperature fluctuations with periods of 12 hours, 

measured at 1000 m depth at 8 stations in Atlantic test ar^ 70.    Furthermore, 
they 

Z-. miles 
ll 

•H, deg 

5       A»       :«i       50       70      80 
0.88   0.85   (1.83   a85   0.77   0,73 

,H       56      I (Hi      156     264     320 

suggest that fluctuation of the hydrophysical fields with frequencies near 

to the inertial ones,  which are characterized by a relatively rapidly 

decreasing coherence,  may  be caused by undulating motion with a wavelength 

of 25 miles and a south-southeast propagation direction. 

Fluctuations of hydrophysical fields in the  ocean within a 

period range of 10 min.  to 12 hrs wer.- studied in numerous characteristic 

regions (Ivanov and Moroaov.   1973).     Location of measurement areas in the 

tropical Atlantic and some results of the measurements in the upper 
thermocline are given in Figs.   2-6. 

»«'I 
i J 

Fig.  2.       Location oJ measurement areas. 
Numerals indicate maximum standard dispersion. 
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Fig.   3.    Vertical profiles of the Vaisala-Brunt 
freqniMicy,   Qow velocity,  and rms deviation for 
the temperature fluctuations in the tropical 
Atlantic,   A-P   are tost arras   of Fi«.  2. 
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liu. 4. Spectral densities for 
i cjriperature fluctuations in the 
i vopical Atlantic. 

a- equatorial region; b- northern 
tropic region; c- equatorial region 
at 110 m (1,2, 3),  region V at 110 m 
(-4).   and region A at 120 m (5). 
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Fig.   5.    Coherence functions for temperature 
fluctuations at differt-nt depths. 

region A - small dispersion; region  15 - large 
dispersion. 

to to JO 20 

Fig.   G.    Coherence functions for fluctuations of 
temperature and flow velocity at 110 m. 

As can he seen in Figs.   3-h the most intense fluctuations 

in the considered frequency rangi-,   which were observed in the equatorial 

Atlantic with large vertical velocity shear,   possess statistical characteristics 

of wave motions.    However,  in th<- regions with small vertical velocity shear 

and dispersion,   fluctuations of hydrophysical fields are determined  I.y 

non-stationary internal waves and turbulent motions.    Numerous measurements 

conducted in the Black Sea,   Atlantic Ocean,  and Indian Ocean revealed 

intermitteney in the ener^  of temperature fluctuations as ilhiBi rated in 

Fig.   7. 

I 
A theoretical study of breaking of internal waves was  atten pted 

by Morozov (to he published) by calculating variation of potential energy in the 

50-250-m layer during passage of a wave train.      He  found that, the   increase 

of potential energy amounts to 10';; of energy exchange during complete 
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Fig.   7.    Spectral densities for temperature 
fluctuations at 125 m,   and coherence functions 
for fluctuations at 12^ and 150 m (Northwest 
Indian Ocean). 

mixing in that layer.    However,  calculations were made by averaging 

bathymetric series measured before and after the passage of a wave 

train,  which may induce an error in the results.    Samodurov (to be 

published) studied instabiiily of internal waves in the case when N = Nix). 

He showed that the amplitude u' internal waves increases and their wave- 

length decreases   on  approaching the point where N(x  ) - w (w is frequency 

of waves). 

t- 

] 

i -i 

It was concluded that the results of experimental studies 

show that internal gravity waves arc generated by instability of a stratified 

flow with vertical velocity shear.     1 he theoretical studies show that the 

breaking of internal waves is determined by the overall   energy of wave 

motions,   on one hand,  and by inhomogeneities in the medium on the other. 
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Samodurov,   A. S.    On the generation of internal 

wavi- trains in the ocean.    IN:   Sb.  Isslcd. 

izrnenchivosti gidrofi/.,   poley v okeane.    Moskva. 

Nauka, 1974.  99-108. 

The author suggests that a possible mechanism lor the 

generation of trains of internal waves (secondary waves) is an instability 

of finite-amplitude (primary) internal waves.    The problem of infinitesiinal 

disturbances in a stratified fluid was solved in the vicinity of the critical 

point ü (y   ,   z  ) = c  ,  where u" is horizontal particle velocity in primary 

waves,  and c    is phase velocity.    An expression for the period of secondary 

waves in the real ocean is proposed.    A numerical estimate of secondary 

wave periods   is compared to measured periods of short internal waves 

in the Strait of Gibraltar (Zigenbein,   1969). 

\ i 

i 

Karabasheva,   E.  1. ,   and  V.   T.   Paka. 

Observation oT internal waves in the Central 

Atlantic.    IN:   SI).  Issled.  izmenchivosti 

gidrofiz.  poley v okeane.    Moskva,  Nauka, 

1974.  10H-1I4. 

An analysis is given of temperature data acquired in one of 

the test areas during the 8th cruise of the R/V Akademik Kurchatov in lf)7f). 

The measurements were performed by a towed vertical chain of 2thn -spaced 

sensors at a speed of 8-10 knots alon^ 10 mile long tacks   in an eight-point en 

star pattern.    The vertical profiles of T,  S.  and a   for the region teste! 

(160N; 330W) are shown in Fig.   1. 

m 

i 

The two-dimensional temperature structure in the Central 

Atlantic is illustrated in Fig.   2..    It waw observed tiiat temperature structures 

I 
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Fi(j.   I.     Vertical profiles of  f,  S,   and a 
in the Central Atlantic (].60N; 330W). 

n 

along other tacks wore similar to thai  shown in the figure;,  although 

observed temperature fluctuations are not cophasal.    Statistical characteristic 

of fluctuations in the depth «if the 20. 5ÜC isotherm and of fluctuations of 

temperature within the layer art; shown in Figs.   3-5. 

It was concluded that the energy spectra in Fig.   5,  which 
-3 

are proportional to k     ,   indicate tlu   presence of internal waves in the 

ocean.    These short-period internal waves can be considered as stationary 

and Isotropie to a first approximation. 
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Fig.  2.     rwo-dimonsional temin'raturc structure alonu 
a 45° tack. 
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Fig.   3.    Spectra (a) and standard 
dispersion^b) for fluctuations in depth 
of the 20. 5  C isotherm.    Numerals 
indicate tacks. 
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Fig.   4.    Spectra (a) and standard 
dispersion (b) for temperature 
fluctuations averaged over depths 
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Fig.   5.    Spectra for fluctuations in depth 
of the 20. 5  C isotherm,  averaged over all 
depths and directions (solid line) and over 
all directions (dashed line). 
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I Benilov,  A.  Yu.    On the spectrum of Reynolds 

stres8'    IN:   sb' Issled.  izmenchivosti gidrofiz. 

poley v okeane.  Moskva,   Nauka,  115-122. 

An expression is derived for the spectrum of the Reynolds 

stress in a statistically stationary and   horizontally homogeneous turbulent 

flow,   assuming a locally homogeneous turbulence.    The results of 

numerical analysis of the spectral function derived are compared to 

experimental data for the atmosphere. 

The expression for spectral function was derived using 

Monin's form for the equation of conservation of turbulent energy.   Heisenberg's 

form for the inertlal transfer of turbulent energy and the tensor of the 
Reynolds stress in the form 

dO. ao. 
-""*-*"•'-  ^+-&. 

An analysis of the derived expression showed that,  if the 

thtee-dimensional spectrum of the Reynolds stress in the inertial interval 

can be approximated by  - £„,,-*-.     than the exponent m should satisfy the 
inequality m > 7/3. 

Results of numerical calculations and their comparison with 
experimental data are given in Figs,  i and 2. 
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Fig.   1.    Effect of the parameter^'   (1) on 
dimensionless spectra of energy ajid Reynolds 
stress.    Curves 1-3:    ^ (1) = 1/2,  1,  and 2, 
respectively. 

■V 

Fie.   2.    Function xi i.      (x.) calculated for 
i)  (1) = 2 atu = n = 1/2 w ^(D 

^«»(■^1) =S ^'^(.rldr. 

Experimental data according to Zubkovskiy 
and Koprov (1969): 

1   - z =   16 in,   U     4. 7 in/s; 2 - 8 m,  4. 4 m/s; 
3 - 2. 5 m,   4.1 m/s. 
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Aleksandrov,  A.   P.,  ami E. S.   Vayntlruk. 

Measurement of the parameters ul' an aerated 

sea layer as a method for the remote study of 

near-surface vertical turbulence.    IN:   Sb. 

Issled.izmenchivosti gidrofiz.  poley v okeanc. 

Moskva,  Nauka,  1974,  122-128. 

The thickness of an aerated sea layer,  d, was measured by 

the method of ultrasonic echo-sounding as indicated in Fig.  1.    The measuring 

mm       ^ reference level 

Fig.   1.    Echo-sounding experiment 

system was mounted on the sea bed at a water depth of 20 m and offshore 

distance-1 km.     The diameter of the ultrasonic beam used was 1 m; the 

diameter of scattering element was 10 cm. 

It was possible with this technique to identify large- 

medium- and small-scale fluctuations of the thickness of the aerated 

layer.    Large-scale fluctuations in d of the order of about IG cm/sec were 

suggested to be associated with turbulent motions (see Fig. 2).    Statistical 

characteristics of these fluctuations are shown in Figs.   3-5.    The characteristic 

vertical turbulence scale was found to be proportional to wind velocity, 
mean wave height,   and water depth. 
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Fig.  2.    Determining vertical turbulence scale 
I     from fluctuations of d. 
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Fig.   3.    Typical autocorrelation functions for 
fluctuations of d (1),   elevation of the base of 
the aerated layer a (2),   and elevation of the sea 
surface H(3). 

m^'oo) 

«4 rad/sec 

Fig.  4.    Typical spectral functions 
of a (1 and 2),  H(3),   and d(4). 

2if(*-/00i 

Fig.   5.    Averaged spectral 
function for fluctuations of a. 
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I 
I 
I The results of the present experiment thus confirm the 

feasibility   of studying local turbulence in a near-surface sea layer up 

to several meters thick by means of remote acoustic measurements of 
parameters of the aerated layer. 

Konovalov,   Ye.   A. ,  and V.   N.   Yasenskiy. 

Some problems in the use of structural functions 

for determining parameters of anisotropy of a 

turbulence field.    IN:   Sb. Issled.  izmenchivosti 

«idrofiz.  poley v okeanc.    Moskva,   Nauka,  1974, 
129-131. 

An attempt is made to express geometric parameters of 

elliptical anisotropy of an arbitrary two-dimensional turbulent field in 

the terms of structural functions.    Some assumptions used in the analysis 

were tested experimentally. 

The two-dimensional normalized structural function   for 
fl ictuations of a turbulent field p(x, y) was given in the form 

^(;. t])   -Jli^'i -'  -i;. v 
n{M) 

'I'j- (1 

where f, .   rjare displacements in the x and y directions,  and D(oo) is th« 

structural function in the region of saturation. 

A simplified form of the structural function is shown in 
Fig.   1. 

In order to express (1) in terms of the geometric parameters 

of elliptical anisotropy ß = ^/^ (ß     anisotropy coefficient. 4 .   and T? 

intervals of structural correlation),  the following assumptions were made.« 
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where k^   and k^ are 6cale factors in the x and y directions. 

(2) 

(3) 

Using (3) and expressing the semiaxes of an arbitrary section 
of surface (1) D.  (£ ..  TJ.) - const as 

viu'lils 
(4. 

Wr*)"* (0,/*/Y" ta,i' 

ß-it.^-1 Vrr, 

■••    ^^t 
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Calculated structural functions for fluctuations in the two- 

dimensional field of electrical conductivity in an immersed jet.  which   were 

measured in hydrodynamic test stand,  are shown in Fig.   2. 
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Fig.   1.    Schematic of two-dimensional 
si ructural function. 
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tig.  2.    Structural functions for 
fluctuation of clectroconductivity 
field of an immersed jet at different 
distances from the source. 
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Karabashev, G. S. , and R. V. Ozmidov. 

Study of admixture djflusiun in the sea by 

means of luminescent tracers and a towed 

sensor.    IN:   Sb.  Issled.   izmenchivosti 

gidrofiz.  poley v okeane.    Moskva,  Nauka, 

1974,  135-144. 

-"■WBrWiyffil*: 

A description is given of instruments and configurations used 

in measurements of concentration of a luminescent dye tracer in the sea. 

The article includes some results of measurements conducted in the Black 

and Baltic Seas. 

in Fie.   1. 
An optical schematic of the fluorimeter employed is shown 

Its specifications are:   measuring range 5 x 10 
b 

1 x 10      gr/mjJ 

I 

Fig.   1.    Optical layout of towed fluorimeter 
(a),   and cross-section of screen 0 (b). 

tor uramn and 1 x 10       - ^ x 10      gr/mZ   for    rhodamine C; drift 

0.1 sec: power drain 80 w; duration of continuous operation 7 hrs; 

depth range,   0-100 m.    The space-time distribution of the tracer 

concentration in a dyp patch or ribbon was measured by towing 

thr fluorimeter across them at different depths,  or by locating the 
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fluorimeter at a fixed distance from a continuous source.    Different 

arrangements for measurements are shown in Figs.  2-4.   Graphical results 

illustrating both vertical and horizontal dye diffusion are included. 

Fig. 2.    Schematic of arrangement with a 
continuous source of tracer. 

Fig.   3.    Depth control of the towed fluorimeter. 

Fig.  4.    Test arrangement with lluorimeter 
mounted at a fixed distance from a continuous 
source of tracer. 

.1)9. 
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Goroshko,   V.  I.    Turbulent diffusion of dye 

tracer in a sea coatital zone.    IN:   Sb. Issled. 

izmenchivosti gidrofiz.  poley v okeane. 

Moskva,   Nauka,  1974.  145-150. 

This article studies the spatial distribution of dye tracer 

concentration in a coastal zone,  for the case of variable coefficients of 

eddy diffusion.    The problem is solved in the framework of a semiempirical 

theory of turbulent diffusion. 

Calculations of the field of tracer concentration S(x, y, z) 

generated by a stationary point source M0 (0fy   ,  z  ) was made by the Fourier 

method.    It was assumed that water depth in the coastal zone is constant 

and turbulent transport in the x-direction (i. e.  parallel to the coastline) 

is negligible.    The article includes results of numerical calculations of 

relative tracer concentration S — -.,' B'   ,  where N is source strength 
'V(l    ,-3) A, 6 

for the shallow-water coastal zone (h = 2. 5 m) and a point source placed 

at (0,  45,  0. 5). 

Calculated results are shown in Figs.  1 and 2. 
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Fig.   1.    Distribution of tracer 
concentration parallel to the 
coastline. 

Fig. 2. Distribution of tracer 
concentration perpendicular to 
the coast line. 
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As seen in Fig.  2 the maxima on the tracer concentration 

distributions occur nearer the coastline as x increases.    This fact is 

explained as being caused by a more rapid scattering of the dye on the 

seaward side of the source (y > 45) owing due to larger coefficients of 

eddy diffusion. 

Dobroklonskiy,  S.   V.,  and M.   L.   Pyzhevich. 

An example of calculation by indirect methods of 

vertical velocity of flow and vertical coefficients 

of turbulence viscosity in the ocean.    IN:   Sb<, 

Issled.  izmenchivosti gidrofiz.  poley v okeane. 

Moskva,  Nauka,  1974,  150-155. 

Computations on turbulent viscosity are reported,  using 

data on flow velocity,  temperature, and salinity from three buoy stations 

(Fig.   1) obtained during the 51st cruise of the R/V Vityaz in 1972. 

I .-././ 

! '.•■• 

Fis     1.    Location of buoy stations with 
indicated measurement depths. 

he t'ollowing formulas were derived for calculations; 
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I It is emphasized that the interpretation of present results 

can reflect only general trends in distributions of w and V. 
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Nabatov,   V.   N. ,   V.   T.   Paka,   and V.  I. 

Shkurenko.    On the use of hot-wire anemometers 

in a flow with temperature fluctuatiors.    IN:   Sb. 

Issled.  izmenchivosti gidrofiz. poley v okeane. 

Moskva,   Nauka,  1974,  16^-174. 

An analysis is given of error in measurement of flow- 

velocity fluctuations by hot-wire type anemometers in the presence of 

temperature fluctuations.    Laboratory measurements  by a multiple or 

"three-heat"   method are described,   and results of separation of spectra 

ol velocity and temperature fluctuations are given. 

Measurements in grid-produced turbulent flows both with 

and without temperature fluctuations were made simultaneously by type 

DISA-55D01 and Stolypin (hydroresistor) hot-wire anemometers.    The 

sensitive element in the latter instrument is a micro-electrode hydroresistor 

which detects electrical conductivity in a small water volume.     Response 

OL" the hydroresistor hot-wire anemometer is given in Fig.   1. 

u out, 
out,   V 

JCJ 

JJ. .> 

J;.A 

" v* 

j« 

Fig. 1. Calibration (solid lines) and sensitivity (dashed 
lines) curves for hydroresistor hot-wire anemometer at 
a supply voltage of 10(1),   12(2) and 15V(3). 
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The minimum mean velocity required is 0. 3-0. 5 in/sec 

at 10 V,       1.0 m/sec at 12 V.  and ~ 1. 5 m/sec at 15 V supply.    Sensitivity 

to velocity and temperature fluctuations, on   and ß,  for both instruments 

ar<; given in Table 1. 

Table 1 

il 

R 

Sensitivity 
DISA - 55 DOI 

;     hot-wire anemomet er 
Hydroresistor 
ai emometer 

hot-wire 

|   10oC    20"C    30oC 40ÜC 10 V     12V 15 V 

a. ,   V/m/sec 

j3,   V/deg 

2.55     2.55      2.55 

1.50     0.75      0.48 

2.55 

0.34 

0.46       0.81 

0.30      0.33 

 1 

..43 

0.36 

I 

A comparison of spectra for velocity pulsations measured simultaneously 

by the two instruments is given in Fig.   2. 

£,'** sec-l 

J.   Hz 

I 
Fig,   2.    Spectra for velocity pulsations 
measured by DISA-55D01 and hydroresistor 
hot-wire anemometers. 

^ 
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It was  concluded that hot-wire type anemometers can 

give reliable measurement of energy and structural characteristics of 

velocity fluctuation fields in the presence of temperature fluctuations, 

if measurements are made by the "three-heat" method.    The hydroresisto- 

type hot-wire anemometer which,  in addition to high sensitivity and 

resolution,   has exceptional mechanical reliability and contamination 

stability,   appears to be a better prospect for the study of ocean turbulence 

than the D1SA instrument,. 

( L 
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Pluzhnikov,   V.   M. ,   and M.   S.   Khlystunov. 

Frequency-responsive piezoelectric pressure 

indicator for oceanological research.  IN: Sb. 

Issled.  izmenchivosti gidrofiz.  poley v okeane. 

Moskva,  Nauka,  1974,  175-197. 

Physical principles and design of a frequency responsive 

piezoelectric depth   (pressure)    indicator are discussed in detail.    The 

sensitive element of this instrument is a piezoelectric,   preferably quartz, 

resonator with an AT cut.    Metrological characteristics of the quartz 

resonator are analyzed and the theory of both monolithic and segmented types 

of this sensor as a depth (pressure)    indicator is developed.       Errors 

introduced in measurements by separate structural elements are evaluated 

numerically for a segmented-type instrument.    Figs.   1 and 2 illustrate the 

two constructions. 

It is concluded that high accuracy (-0.002%),   large 

dynamic range (10   -10   ),  linearity,  digital output,  and small overall 

dimensions make the piezoelectric depth indicator very prospective for 

the study of oceanic fine structure. 
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Fig.   1.    Monolithic pressure 
sensor.    1,2-0 -quartz cylinder 
and end flanges; 3- resonant 
transducer; 4- electrode. 

Fig.   2.    Segmented sernsor. 
1, 2 - steel flange and base; 
3 - elastic element; 

4 -  piezo element support. 

Ganson,  P.  P.,   A.   V.  Khokhlov,   and 

V.   F.  Sytnikov.    Some rcrsults of  studies 

of thermohaline structure by a towed 

measuring system.    IN:   Sb. Mor.  gidrofiz. 

issled.   No.  1 (64),  Sevastopol,  1974, 

177-183. 
\ 

A study of the thermohaline structure within the SO-I^o m 
deep ocean layer was conducted during the 4th and 5th cruises of the 

R/V Akademik Vernadskiy in the equatorial region of the Pacific and 

Jndian Oceans,  and the northeast part of thp Arabian Sea^Measurements were 

performed by the Nyrok-2 system operating in both towec1. and sounding 
regimes. 

m 

In the Pacific the two-dimensional thermohaline structure 

along the 15 50E meridian is characterized by pronounced low-frequency 

fluctuations in the depths of isotherms and isohalines withir the high-density 

gradient layer (130-160 m).    Spectra for these fluctuations are characterized 

by an inertial interval within the 55-90 m range.    However,   correspond! ig 

spectra along the 170OE meridian display numerous peaks,  which may 

indicate either the prenence of internal waves or the fine structure of the 
Cromwell current. 
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In the Indirn Ocean along the 56   E meridian,   isotherms and 

isohalines are horizontal and fluctuate only slightly over the entire depth 

range,  which is characterized by a uniform easterly current.    Here the 

maximum vertical gradients through 130 m are 0.06° C/m and 0.02 0/00/m. 

Along the 75  E meridian (in the region of the Southwest Monsoon Current, 

and the Equatorial Countercurrent partially shielded here by the Maldive 

Islands) the isotherm is horizontal and low,   respectively,   on its southern 

portion,   gently deepening and becoming higher (0.45oC/m) in its norther 

portion.    The depth of maximum salinity,  which coincides with the upper 

boundary of the high temperature gradient layer, decreases slowly northwards. 

On the 85   meridian the   maximum vertical gradients coincide with the 

boundary between the Monsoon Current and Equatorial Countercurrent. 

Local homogeneous zones are nevertheless found in the vicinity of this 

boundary.    The presence of local homogeneous zones is manifested in 

the spectra of temperature and salinity fluctuations.    Fig.   1 illustrates 

one observed homogeneous zone. 

In the Arabian Sea,  a notable feature of the thermohaline 

structure in the area under study was an inversion layer,   located above 

the high-gradient layer.    Its generation may be associated with southerly 

transfer of high-salinity water.    The thickness of this layer was found to 

fluctuate more intensely in the lateral than along the mean flow direction 

(Fig.   2). 
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Fig.   I.    Planar section of a homogeneous zone, 
Indian Ocean.    Solid lines = salinity,  dashed lines 
temperature. 
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Fig.   2.    Two-dimensional structure ot' inversion 
layer in the direction perpendicular to the mean 
flow,    Arabian Sea. a  - temperature,  b - salinity, 
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Kats,   A.   V. ,  and V.   M.   Kontorovich. 

Theory of weak turbulence of waves on the 

surface of a fluid.    ZhPMTF,  no.  6,  1974, 

97-106. 

Weakly turbulent distributions of capillary waves in shallow 

water arc analyzed,  as well as conjugacy and interaction of turbulent spectra 

in different self-similar regions.    Wave spectra were developed from the 

kinetic equation for wave number which describes a random wave aggregate 

in the theor\  of weak turbulence.    In the development of the equation for 

N(lO.   impermissible decaying processes in the gravity region were excluded 

from the Hamiltonian by means of canonic transformation.     Equations of 

motion and  matrices describing the interaction of waves in a finite-depth 

fluid were then obtained in Hamiltonian variables. 

An expression for weakly turbulent distribution of capillary 

waves,   < orresponding to a constant energy flux P over the turbulent 

spectrum w is obtained in the form 

N = />''• (~T)' 'Ar" {Ich)'" ~ /•' :lr\   It'1 >/.: >• k0 (1) 

The expression for weakly turbulent wave distribution in the 

transition from the gravity to capillary region (k'- k0), corresponding to a 

constant energy flux and k0k »  1,  then becomes 

N 
[1.      '/<i P'l'kr*F(   *'        M       Fir  ,A~\   * ^ (2 

Finally,  the weakly turbulent distribution of gravity waves 

in deep water,   induced by capillary waves,   was obtained in the  form 

j) 

N, 

Thus the decaying spectrum in the  capillary region 
i -17/4 .   , , .      ' , . 9/4 k induces an increasing spectrum in the gravity region N   ~ q       . 
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Gorodetskiy,  A.  K.,   A.   P.  Orlov,   A.  J. 

Pashkuv,   ajid V.   N.   Stolyarov.    On relationship 

of radiation and kinetic temperature of the surface 

water layer.    IN:   SI).,    I ROPEKS-72.   L. , 

Gidrometeoizdat,   l(">7^,   r^l 1-519.    (RZhGeofiz, 

8/74,   #8V92).  (rJ ranslation) 

Tlie results are given of measurements of radiative water 

temperatures in the  tropical Atlantic,   taken on the  i 3th cruise of the   R/N 

Akademik Kurchatov.    The radiative rapacity of the water surface was 

determined in the range of 2 to 45° down from horizontal.    The radiative 

(Tr) and kinetic- (Tw) temperatures of the surface water layer,  measured 

from a drift vessel,  were compared.    The mean values of   ^T     T    - T 
r        w 

and their corresponding standard deviations are:  (-)O. 559 and 0.2° at an 

elevation angle Of = (-)450; the mean value ofjl  at a      -90° is estimated to 
be (-)0.25O. 

The angular dependences of the effective radiative capacity 

of the ocean-atmosphere   system,  c   (a),  and the radiative capacity of th( 

water surface,   /(a),  were determined from the angular dependence of 

the radiation of the water surface,   taking into account the   reflected radiation 

of the atmosphere.    The dependence e' \,0L) is characterized by an increase 

at small angles.    Estimates arc given of the rms slope angles of waves for 

cloudless-sl:\  cases,  wiiich confirm the possible use of measurements oJ 

natural ocean radiation for determining characteristics of sea waves. 

' 

Physics of the sea and atmosphere:  Confcrence 

proceedings,   Februar;.   1974.   (Mosk.   o-voispyt, 

prirody.   Sekts,   fiz. ) M.,   Nauka,   1(174,   !>7 pp. 

(RZhGeofiz,   10/74,   //10B30 ¥). 

Papers given at this conference are listed.     Those of 
possible pertinence include: 

•80. 
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Microconvections during evaporation and  ice formation 
(A.   V.  Shumilov); 

Study of temperature fields of an absorbing medium in a 
radiating system of arbitrary structure (Yu.   A.  Surinov); 

Results of the  hydrodynamic theory of finite-amplitude 
waves (Ya.  I. Sekerzh-Zen'kovich); 

Calculation of heights, periods,  profile parameters and 
power spectra of wind waves (L.   A.   Korneva); 

Temperature waves in a stratified sea (Vo Van Lan' 
and A.   A.   Pivovarov). 

Cherkesov,   L.   V.    Some problems in the study 

of the generation of internal waves in the^oceaiu 

Okeanologiya.  no.   6.  1974.   1130-1131. 

This paper reviews the results of theoretical studies on 

generation of internal waves in the ocean,  conducted during recent years 

in the Laboratory for Wave Theory of the Marine Hydrophysical Institute 

of the Soviet Academy of Sciences.    All the problems were considered in 
linear approximations. 

The following wave generators are considered: 1) disturbances 

of atmospheric pressure periodically varying i„ time,  applied to a restricted 

stannary area of a sea surface; 2, periodically shifting   surface pressures 

P0= a cos (kx-^t) within the range   |x/   < co. / y /   < b,  where k is wave 

number. O- frequency,   a = amplitude of the pressure wave,   and b = width 

of the band where pressure is applied; 3) time-independent baric disturbance, 

occupying a limited region and moving at a constant velocity; 4) bottom obstacle 

wxth small elevations (hills o* ridges, as well a« periodic oscillations of a 
portion of the bottom. 
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For each above type of wave source    the following den.äity 

models are considered: a) density discontinuity at the interface between 

two finite-depth layers with constant densities; b) continuously varying 

density from the free surface to the bottom; c) continuously varying density 

in the upper layer,  constant in the lower; d) continuously varying density 

in the middle layer,  constant densities in the upper and lower ones; 

e) continuously varying density in the upper and lower layers,  with a 

larger gradient in the  upper one. 

For all the  indicated sources and density models,   rigorous 

analytical solutions are obtained and on the basis of these solutions further 

analytical and numerical studies were completed,  providing explanations 

for the effects of the form and  parameters of sources and density models 

of internal waves. 

For models (b),   (c).   (d),  and (e), periodic steady-state 

wave motions were studied.    For model (a),  development of the wave 

process,  from an undisturbed-state fluid through periodic steady-state 

or time-independent waves,  was studied.    In addition,  for this model 

the   solution to the problem of generation of internal waves by surface 

waves for the case of an arbitrary change of the basin depth and depth 

of the upper layer was obtained. 

Gurvich,   A.   S. ,   and N.  S.   Time.    Study of 

turbulence microstructure by means of lasers. 

Okeanologiya,  no.   6,   1974,   1128-1129. 

This  paper was given at the April 12,   1974 Seminar on 

Geophysical Hydrodynamics at the Oceanographic Commission,  Soviet 

Academy of Sciences.    The paper deals with optical methods for the study 

of turbulent structures in different scaie ranges.    These methods are based 

on the   relationship between statistical characteristics of refractive index 
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fluctuations and fluctuations in the  parameters of visible light waves. 

Since temperature fluctuations play a dominant role in deterrmmnS 

fluctuations of the refractive index for waves in the opticuj range,   a 

study of the refractive index is equivalent to the study of temperature. 

The authors describe phenomena accompanying propagation 

of waves in a turbulent medium,   and on the basis of a simple model of 

inhomogeneities    in the refractive index field, the basic  patterns in 

fluctuations of the  parameters of light waves are inferred. 

Particular attention was paid to the methods for measuring 

the structural constant Cn    for refractive index, which is the main 

characteristic of the   spectrum in the inertial interval.   Various methods 

for measuring the average value of C^ over an optical path have been 

developed at the Institute of Atmospheric Physics.    Specifically,   simple 

and suitable apparatus was developed for fast C^ measurements.    Gradient 

measurements,  which were previously used,  have a lower accuracy and 

give average values over larger time intervals and at a single point of a 
path. 

Among the methods proposed to measure the temperature 

field structure in the scale  range comparable to that of Kolmogorov, 

the following are mentioned:   determination of internal scale from measu- 

rements of dispersion of light intensity fluctuations; and determination of 

spectral shape in the dissipation region,  from measuring frequency spectra 

of fluctuations in log intensity along the axis of a wide light beam.    The 

latter method,   developed by the authors,  is a unique one,   and gives results 

over the temperature spectrum in the viscous interval. 

In the   solution of this problem,  difficulties have arisen in 

solving the equation relating the above mentioned quantities.      The equation 

appeared to be incorrect,  and for its solution the method of statistical 
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regulation was applied.    Fig.   ]  gives a comparison of a one-dimensional 

normalized temperature spectrum obtained from optical measurements 

1r 

-</ 

-2 
lg(Ml 

Fig.   1.    One-dimensional spectrum of 
temperature fluctuation. 

1- from optical measurements; 
2- from resistance thermometer 

and as measured by a resistance thermometer (Boston,  1972).  Spectrum 

1 is attenuated less rapidly in the region of high frequencies than spectrum 

2.    This can be attributed to the distorting effect of the sensor on the 
structure of turbulent flow. 

■ 

In conclusion the   prospects for applying optical methods 

to the study o: turbulence in different scale ranges are discussed.    Present 

photographic technique« are Judged inadequate to meet requirement« of the 
problem of small-scale turbulence. 

T 
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Vo Van Lcin1,   and A.   A.   Pivovarov. 

Temperature waves in a stratified sea.    IN: 

Sb.   Fiz. morya i atmosfery.  Moskv, Izd-vo 

Nauka,  1974,   68-7?..    (RZhGeofiz,  11/74, 

#11 VI14).  (Translation) 

The effect of density stratification on propagation of 

temperature waves is explained,   using a one-dimensional equation of 

turbulent thermal conductivity.     The vertical density profile and its 

time variation!   are assumed given.    The form of the source or heat 

flow function [Q(z,  r) where T is time] corresponds only to the absorption 

of radiated solar energy.    Temperature,   Q and density p   as functions of 

depth and time are represented as sums of the average diurnal and annual 

values and their corresponding standard deviations. 

It is found that,   if p(z) is linear and the turbulent exchange 

steady,  the amplitude profile for temperature waves is the opposite of the 

density profile,  and the phase shift of temperature waves is independent 

of the density profile.    The results hold true qualitatively for other density 
profiles as well. 

Navrotskiy,   V.   V.     Vertical structure of me,'..oscah 

temperature pu.Sc-tions. IN: Sb. Atlantich. gidrofiz. 

poi;.gon-70. M, , Nauka, 1974, 283-304. (RZhGeofiz, 

11/74,   #11 VI15).   (Translation) 

Measurements of Lemperature made by a towed sensor 

chain are described.    The results of statistical analysis of spatial temperature 

fluctuations are given as follows.     1) The vertical structure of temperature 

pulsations in the upper ocean layer reflectb the  effects of the simultaneous 
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presence of turbulence and internal waves.    The effect of turbulence in 

the process of exchange of disturbance energy sharply diminishes downward 

from the upper boundary of [this] stratified layer.    2) Maximum energy of 

observed internal waves with X ~ 80 m is £owi in the  zones of maximum 

shear of the average flow,  which suggests the possibility for generation of 

internal waves by shear.    3) Collapse of internal waves leads to a 

deepening of the upper boundary of the stratified layer and the formation of 

a layer with a slight inversion or with zero gradient of the average 

temperature,  with substantial temperature pulsations during its formation. 

4) In the case of weak nonlinear interaction,   the theory of random linear 

systems can be used and interactions described by such characteristics as 

transfer functions (modulus and phase).    In the  caee of significant nonlinear 

interactions it is more expedient to analyze only the  correlation,  which 

makes it possible to evaluate integral scales of inhomogeneities and 

integral rates of diuturban'-e propagation. 

Borshchevski;',   Yu.   T. ,   E.  M.   Litvinenko,   and 

V.   G.  Nakhanchuk.    Transfer processes in a 

turbulent boundary layer with low concentration of a 

dispersed phase.  iN:   Teor.  osnovy khim.  tekhnol. ' 

no.  4,  1974,   507-510.    (RZhMekh,  11/74,  #HBa67). 
(Translation) 

On the  basis of boundary layer equations,   formulas are 

developed by the parametric method for instantaneous and averaged 

fields of velocity distribution,   concentration,   and   temperature in a 

turbulent boundary layer.    It is   shown that the method applied is suitable 
for the study of other flow forms. 
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Kartvelishvili,   N.   A. ,  and G.  P.  Kumsiashvili. 

Quality of aatural waters and the problem of 

turbulence.    IN:   Sb.  Vzaimodeyetviye poverkhnost. 

i podzemn.   stoka.   Vyp.   2. M. , MoBk. un-t, 

1974,   88-99.    (RZhMehh,  11/74,  #11B1143).  (Translation) 

The Reynolds equations for three-dimensional flow of a 

turbulent nonisothermic fluid composed of several components are 

developed.    Different methods of closing of moment equations are 

considered.    It is suggested that,  in the case of a three-dimensional 

flow for which it is difficult to determine average velocity gradient 

C'nonprismatic" flow,  in the authors' terms), the tensor of turbulent 

stresses may be represented as the sum of stresses arising due to the 

presence of flow walls,  and caused by variation in average velocity over 

the channel cross-section as well as by stresses due to curvature and 
spiraling of flow lines. 

Borshchevskiy,  Yu.   T. ,  I. M.   Fedotkin, M.   N. 

Chepurnoy.  and V.  E. Shnayder.    Calculation of 

heat exchange in turbulently discharging fluid 

films.    Minsk,  1974,  13 pp.    (RZhMekh, 12/74, 

#12B957DEP).   (Translation) 

On the basis of a power law distribution of velocity, major 

hydrodynamic parameters of turbulently discharging fluid films ar* 

determined,  which agree well with published experimental data in the 
of 103 < Re < 105 range 
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Nekrasov,  V.  M. ,  and Yu.  D.   Chashechkin. 

Measurement of the period of free internal 

osciliaticns of a fluid.   IN:   Tr.  VNIJ fiz. -tekhn. 

i radio!ekhn.  izmereniy,  no.  14(44),   1974,  69- 

73.    (RZhMekh,  12/74.  #12131360).   (Translatxon) 

A procedure for determining the period of free internal 

oscillations in a fluid by a method of "density" marks, and an analysis 
of measurement errors,   are given. 

• 

Vlasov.   Yu.   N. .  and Yu.  D.   Chashechkin.    Flow 

visualization for measurements of velocity and 

turbulence of a fluid,    (Review).    IN:    Tr.   VNII 

fiz. -tekhn.   i radiotekhn.  izmereniy, no.  14(44) 

1974,  23-29.    (RZhMekh.  12/74.  #12B1365). 
(Translation) 

Methods for visualising flows presently used in  hydro- 

dynamics are considered.    The methods are separated into five groups: 

1) dyed fluids; 2) discrete microparticles; 3) electrolytic; 4) luminescence- 

photolytic; and 5) optical.    Descriptions of accuracy and applicability limits 
i.re given for each method. 
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Anuchin,   V.   P.,  A.  M.   Gusev,   Yu.   G.   Pyrkin, 

and M. M.   Khapayev.    Problem of near-bottom 

density currents on the  continental shelf.    IN:   Sb. 

Fiz.  morya i atmosfery.  M. ,   Nauka,  1974,   90-95. 

(RZhGeofiz,   11/74,  #11V69).   (Translation) 

1 

Turbulence characteristics of near-bottom density currents 

on the  continental shelves and their effect on the vertical profile of average 

flow velocity have been studied.    Taking into account small changes in the 

width of these currents, the authors consider them approximately as plane - 

parallel flows of higher-density fluid along the sloping surface of a lower- 

density one.     The motion of the fluid occurs because of the gravity componert 

parallel to the   sloping bottom.    It is shown that the vertical profile of average 

flow velocity can be inferred from the obtained distribution of turbulent 

stress.    A calculation method is proposed enabling one to determine 

turbulence characteristics without using direct measurements of velocity 

pulsations.     (cf.   Anuchin et al. ,  Sov.  Mat,  on Int.   Wave Eff. .  no.   3, 
Apr.  1975,   86). 

Gol'dshtik,  M.   A.,  and   V.   N.  Stern.    Model 

self-oscillations and turbulence.    IN:   Sb.   ProbL 

teplofiz.   i fiz.   gidrodinamiki.   Novosibirsk,   Nauka, 

1974,   17-25.    (RZhMekh,   12/74,   #12B1044). 

(Translation) 

Model self-oscillations in a viscous flow,    sinusoidal with 

respect to uniform coordinates and time,   are considered.    Such a model 

enables illustration of the characteristics a turbulent flow would have in 

the case of a -cut-off cascade process.    It is shown that self-oscillations 

describe at least qualitatively correctly the mechanism of nonlinear instability 

and properties of two-dimensional turbulence in a perpendicular magnetic 

-1.89. 
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field.    They appear to be useful i„ construction of the average velocity 

profile in the  case of a developed turbulent flow. 

4 . 

Yampol'skiy,   A.   D,    Cn inertial pulsation« 

in a flow velocity field^  IN: Sb.  Atlantich. 

gidrofiz.  poligon-70.   M.,  Naul.a.  1974,  189-192. 

(RZhGeofiz,  11/74,  #11V60).  (Translation) 

Characteristics of inertial pulsations  in a velocity field 

were studied,  using observations from a test area.    Pulsation intermittency 

and the possibility for a statistical approach to the  study of inertial motions 

were discussed.     Findings are 1) inertial pulsations are closely    related to 

the average flow fields,  particularly to their horizontal gradients,  and 

consequently to sea water density; 2) a theoretical study of inertial pulsations 

is useful only in the framework of nonlinear models; 3) construction of orbits 

for the analysis of inertial pulsations is not presently recommended- 4) 

observations should enable evaluation not only of the average flow field and 

its horizontal gradients, but also of the density field and its gradients      The 
latter is required for the analysis of pre8Bure gradients which are appa 

an important condition for the existence of inertial pulsations  in a velocity 
field. ' 

Hydrophysical and  hydrooptical studies in the  Atlantic 

and Pacific oceans.     Results of studio during the 5th 

cruise of the R/V Dmitriy M^Hol^»   ^ okeaxiolm 

ANSSSR. M..  Nauka.  1974.  328 pp.    (RZhF,  12/74 
#120815 K).   (Translation) 

Part 1 of this monograph reviews the methodology of 

hydrophysical studies in the ocean.     The second and third parts deal with 

•90- 
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light absorption and light scattering mechanisms in sea water; space-time 

variability of the  optical characteristics in waters of the  Atlantic and 

Pacific; and generation of luminescence fields from natural and artificial 

sources.    In the fourth part, factors affecting optical properties of ocean 

waters are discussed. 

Potetyunko,   E.   N.    Natural oscillations of an 

infinite-depth viscous fluid.    IN:   Sb.  Mat.  analia i 

yego pril.   T.  6.  Rostov-na-Donu,  Rostov,,  un-t, 

1974,  158-161.    (RZhMekh,  11/74,  #11LO16). 

(Translation) 

The functional dependence on wave number of the roots of a 

secular equation is obtained,  for the problem of surface waves on ein infinite- 

depth viscous fluid.     Asymptotic expressions,  previously known,   are 

obtained as a partial solution of the problem.    The dependence obtained can be 

used in solving problems of nonstationary wave motions. 

Sovershennyy,  V.   D.    Model of the absolute 

viscosity at the wall in a turbulent boundary layer. 

Minsk,  1974,  15 p.    (RZhMekh,  11/74,  #11B862 DEP). 

(Translation) 

1 

A formula is proposed for absolute viscosity,  intended for the 

calculation of flow in a boundary layer,  including regions of laminar, 

transitional and turbulent flow regimes.    Calculated results are compared 

to experimental data obtained for various flows (with injection and suction; 

with a pressure gradient).    Satisfactory agreement of calculated and 

experimental values demonstrates the universality of the proposed formula 

and constants associated with it. 
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Shvab,   V.   A.    Model of turbulence generation in 

a "gradient" flow.    IN:   Sb.  Materialy 4-y nauch. 

konf.   Tomsk,  un-tapomat.  i mech.   T.   2.   Tomsk, 

Tomsk,  un-t,   1974,   115-116.    (RZhMekh,  12/74, 

#126105,-:;.   (Translation) 

A model of turbulence generation is studied in which 

displacements occur as a result of mechanical degeneration of turbulence 

and periodic weakening of the  turbulent portion of tangential stresses. 

Displacements in an ideal fluid are interpreted as discontinuities in the 

direction of the averaged motion.    These are the  cause of vortex disturbances 
which periodically regenerate turbulent motion. 

Kutateladze,  S.   S.     Problem of turbulence.    Tr. 

XIII Mezhdunar.   kongr.  po istorii nauki.  Sekts.   5, 

1971.  M.,   Nauka,   1974,   274-276.   (RZbMekh,   12/74, 
#12B1046).     (Translation) 

A short summary of this   paper is given containing the main 

historic facts together with the author's views on the importance of the 
problem of turbulence. 

Brekovskikh,   L.  M.   (ed).    Akustika okeana 

jAcoustics of the ocean).    Akust.   in-t AN SSSR. 

Moskva,  Izd-vo nauka,   1974,   695 p.    (RZhF, 

11/74,  nos.  llZh645 K - llZh654). 

I 

i 

This is a collLction of article 
following breakdown: 

s on ocean acoustics with the 
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I.    Ageyeva,  N.  S.  et al.    Oceanological 

characteristics pertinent to ocean acoustics, 

pp.   5-78. 

Chapter 1:   Velocity and absorption of sound in the ocean. 

Chapter 2: The ocean bottom.    Chapter 3: Sound-scattering ocean accumu- 

lations.    Chapter 4: The ocean surface.  Chapter 5: Internal waves. 

Chapter 6: Random inhomogeneities of ocean strata. 

H 

II.    Brekhovskikh,  L.  M.  Elements of the theory 

of an acoustical field in the ocean, pp.  79-162. 

Chapter 1: Ray theory of an acoustic field in the ocean. 

Chapter 2: Acoustic characteristics of the  surface and bottom of the  ocean 

as plane boundaries.    Chapter 3: Waveguide propagation of sound. 

Chapter 4: The underwater acoustic channel.     Chapter 5: Anti-waveguide 

propagation. 

III.  Ageyeva, M.  S.    Acoustic field of a concentrated 

source in the ocean,   pp.  163-229. 

Chapter 1: Ray patterns.  Chapter 2: Acoustic field of 

aqueous rays.    Chapter 3: Acoustic field of bottom rays.    Chapter 4: 

Experimental studies of an acoustic field in the   ocean. Chapter   5: 

Experimental characteristics of an acoustic fveld. 
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IV.   Lysanov.  Yu.   P.    Sound Bcatterinp hy 

uneven surfaces,  pp.   231-330. 

Chapter 1:   Sound scattering at a surface with small-size 

scale roughness.    Chapter 2:   Sound scattering at a surface with large-scale 
roughness. b     o^ie 

V.    Andreyeva, I.   B.,  and S.   D. Chuprov. 

Reflection and scatter of sound by a Hi.*„■>,■.■. 
sea surface, pp.  331-394. 

Chapter 1,   Fluctuations of a signal reflected by a 

d.sturbed ocean surface,    chapter Z:   Acoustic field,  retransmitted by the 

surface .n mirror and near-mirror directions,     chapter 3: Method for 

experimental study of back-scatter of sound by a sea surface,    chapter 4- 

Experimental characteristics of surface back-scatter. 

VI.    Volovov,   V.   1. ,   and Yu.   Yu.   Zhitkovskiy. 

Beflection and scatter of sound jg th - bottom 
pp.   395-490. 

Chapter 1:   Sound reflection from the ocean bottom. 

Experimental methods,    chapter 2=   Statistical characteristics of reflected 

signals.    Chapter 3:   Relationship of characteristics of reflected signals 

wtth general   relief of the bottom,    chapter 4,   Frequency and angular 

dependences of characteristics of reflected signals.    Chapter 5:   Sound 

scatter by the ocean bottom.    Chapter 6:   Analysis and processing of 

rXfTh'rr sChT7: sound scatter '■-region8 ™ *—- rehef.    Chapter 8:   Sound scatter in regions with a rough relief.    Chapter <>■ 

D termmmg morphometric characteristics of the ocean bottom and the 
effective reflection coefficient. 
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VII.    Andreyeva, I.   B.    Scatter in sound. 
ticattering ocean layers, pp.  491-558. 

me 

j Chapter 1:   Characteristics of sound scattering within 
ocean water.    Chapter 2:   Mechanism of sound scattering by  organis. 

Chapter 3:    Scattering of acoustic waves by a sound-scattering layer 

Chapter 4:    Methods of field experimental investigations.    Chapter 5 
Results of field measurements in the  ocean. 

VIII.    Chuprov, S.  D. ,  and R.  F. Svachko. 

Acoustic field in an ocean with random inhomo^eneitielg 
taken into account, pp.   559-614. 

Chapter 1:   Scatterin8 at random inhomogeneities and acoustic 
fxelds xn the ocean.    Chapter 2:   Signal fluctuations during sound propagation 
in the ocean. 

I IX-    Furduyev, A.  V.    Ocean noise, pp. 615-691. 

J Principal experimental and technical data on characteristics 
of natural noise fields in the ocean are «plained.  Chapter 1   contains 

| descriptions of fields fron, different source, and methods of thiir study 

it considers main characteristics of noise from thermal, industrial and ' 
, bK.log.cal sources and sources under an ice cover.    Chapter 2^ describes 

I properties of dynamic ocean noise, examines the principal hypotheses on 

no.se sources,  and gives experimental data on distribution of noise sources 
| m   he ocean, as „ell as on statistical energetic characteristics of a noise 

fold and their correlation with hydrometeorological measurement conditions. 
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Sturova,   I.   V,    Wave motion,  originating in 

a stratified fluid during flow around a aubmerKed 

body-    ZhPMTF,  no.  6,   1974,   80-91. 

Problems of two- and three-dimensional waves,  excited 

by source and sink of equal intensity which are submerged in a density- 

stratified free-surface fluid,  are solved in a linear formulation by the 

method of integral transformation.    In the two-dimensional case the problem 

reduces to consideration of flow around a closed symmetrical oval; in the 

three-dimensional case - an axisymmetrical oval.    The solution to the 

three-dimensional problem was found for a generi as well as for the 

simplified case of a submerged body at great depth in a weakly  stratified 

fluid.    The effect of internal waves was studied by numerical analysis of 

the general solution in the two-dimensional case and the simplified solution 
in the three-dimensional case. 

Numerical analysis in the two-dimensional case was 

performed by Simpson's method.     The results showed that surface waves 

will be appreciable only if submergence depth is small,   and their amplitude 

increases significantly with increase of body elongation.    Although the profile 

of the free surface changes insignificantly in the presence of internal waves, 

disturbances of horizontal velocity reach maximum at the free surface. 

Internal waves also attenuate very slowly with depth.    At body radius R = const, 

amplitudes of internal waves increase with body elongation almost in direct 

proportion, while their phases remain unchanged. 

A comparison of computation using the general solution for the 

three-dimensional case (excluding the component describing local effects) and 

those using a simplified solution for a dipole showed that phases of internal 

waves in these cases coincide,  while amplitudes differ.    The author notes that 

the thickness   of the  layer in which internal waves are excited is much smallei 

in the three-dimensional than in two-dimensional case. 

w* 
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ProtaBov, s.  N.   Diu^al^^riationofth. 

- - Witer and the air i8 ^„„r; 7;:irar:rthe temp"ature 
which is for both ol them miximum .^ J V

n
e;2al tUrb'"-« ».a. excha„ge, 

day«™ „ours; at tHe 8urface of a „„J^ n;ehtt me Md ">-""- during 

ab.orp.ion of incidan. radiao, n      ""'^'"■^'^ "* ">=" ocours 

o^oio, ra.auoo,   a J^^;~- ^ ^ -~n. 

soZuMons were round for diurnal var^^ ^ ^°^"*-   Nun.erico, 

^ayer Tor bo.h „„e-.ary.n, ^J^^T ^ ^ ^ ^ 

da.a obUined in .he BJaek Sea during AprU 5 8    196T       8e'U5in8 «""-».a, 

Calculated resultn a^» „u 

were made using .he Wlowjg el"s V" FiBS-  ' ^ ^    The -.cuJaUons 
1970 a.d  Voslcanyan e. al    'i

n
9

8
(,. 

XPre8"0n' ^^ »y Vo8kMyan et aI. , 
■ayer: ^ '  ^ ''  r"P«"vely for the . -8 m .urface sea 

i 

I      I 
1 

I 

K',{T) [cm     sec"  J= 3,429(1 -| O.6027.sin(a»T + O 5375, • n \mf..   n        n v"" -r U.OJ a, r 0,1695sm {2U>T —0,9322)),        (J ) 

(2) 

^1  - 30 cm"1,  R  = 3. 5 x lO"3 „, _-2 -'Z0 ~ 0' ' * l0      deg     • 

-1 cal grader'"'1 

cal cm      sec"   . 

s 
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S \ 

«   s ~irLirLirL~k~ 
T", hour 

Fig.   1.    Diurnal variations of water 
lem^rfUre at various depths for 
Kf K(r)(l)andK + K(T)/2).    Data 
points after Voskanyan et al.,   1967. 

Fig., 2 Diurnal variations of heat 
flow at various depths for K = K(r) 
(l)andKiK(T) (2). {) 

Baum.   V.  A.,  and O.   Bekmuradov.    On the 
measurement of coefflclent of turbulent -^"-ri   „ 

IAN Turk, no.  4,   1974,  112-113. 

ee^ue for 0^:;;:;:::;;:;"theoreticai—of - ^— tent of turbulent diffu Bion in a fluid flow. 
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Specifically,  they examine the limitations of an approximate formula 

defining relative spread in dye concentration,  which aesumee that 

turbulent diffusion in the longitudinal direction is negligibly small compared 

to convective transfer.    Since this assumption doeB not always hold true, 

the authors develop criteria which determine when longitudinal diffusion 
needs to be taken into account. 

ii 
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Bukatov,   A.   Ye.,   and L.   V.   Cherkesov.    Effect 

of ice cover on mternal waves in a continuously 

stratified sea,  generated by atmospheric 

disturbances.    Problemy Arktiki i Antarktiki, 

no.  43-44,  1974,   106-111. 

The authors examine the effect of an ice cover on waves 

generated by atmospheric excitation,  in a sea with stratified    density.    An 

analytical solution is found in a linear approximation for the following model 

of density and atmospherir pressure: 

p(Z) = 

II 

on = const iipH z, < z < 0 
puexp[-   k(z - z,)) npH z2 <z <z1 

p0 cxp [— k{z — z,)] npH — W < z < 2;;, (1) 

3 

pu — af{x, y) cos at. 
(2) 

where  Zj = -H^   z2 = -(Hj + H2). 

A numerical solution was found for 

/(*)- 
cos- 

0 

T.X 
TJj- lipil |Af| < / 

ll|)H |*| > / (3) 

and H l = 20 m,  H2 = 60 m,   H3 = 2 • 10    m. = 105 m,  E ± 3-107 n/m2, 

y = 0. 34, p     = 870 kg/m3,   0_ < h < 5 m,  4. 5 x 10"2 s ^ < a  < 7X10"1 s"1. 

O <   €   = kH2 < 10    . 

It was found that pressure p    generates only one progressive 

undamped wave in an ice-covered,  continuously stratified sea when a    > kg and 

a > 2 ^ (2 w is the Coriolis parameter).    This wave is an ordinary surface 

wave whose amplitude attenuates with depth.    Density stratification affects 

wave motion only weakly,  either in water or ice.    The effect of an ice cover 

depends on its characteristics and oscillation frequency a   (see Table 1). 

;   ] 
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r fable l 

Phase ve 
V,  m/s 

locity Wave len 
X ,   m 

gth 1c e thickness 
h, m 

a x 10 

48.23 
48. 53 
49.04 

1514 
1524 
1539 

5 
3 
0 

2 
2 
2 

32. 25 
31.03 
32.69 

675.2 
672.0 
684. 5 

5 
3 
0 

3 
3 
3 

27.27 
21.86 
16. 35 

285.4 
228.8 
171. I 

5 
3 
0 

6 
6 
6 

However,   at 2 ü)   < a  < (kg)J/2 the pressure po generates a 

superposition of an infinite spectrum of undamped waves.    The zero 

harmonic is also an ordinary surface wave attenuating with depth and weakly 

affected by ice cover and density stratification.    Harmonics with n > 1 

are internal waves whose vn-   0,  X ^   0 when   n^-oo.    These waves   do not 

depend on characteristics   of the  ice cover, while they increase substantially 
with c. 

As far as the wave amplitude is concerned,  it is not affected 

by ice cover,  while density stratification affects essentially its depth 

dependence.    Depth dependence of the amplitude of the horizontal velocity 
component is illustrated in Fig.   1 and Table 2. 

Table 2 

I 
I 

•   103 

() 
2 
5 

^ (")      H (.?,; 

C,!)7 
IGfi.OO 
'2F)\ ,fK) 

6,97 
11,70 
13,70 
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Fig.   1.    Depth dependence of the amplitude of 
horizontal velocity component. 

1  - a = 2.9 x 10"4 s"1; 2 - c 

I - €   = 2 x 10"3; II - c    = 5 x 10 

1.45 x 10"4 s"1; 
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Kirichek,   A.   D. ,  and Yu.   D.  Mikhaylov. 

Results of an experiment with luminescent tracer 

in studying turbulent diffusion in the sea.   Trudy 

COIN, no.   122,  1974.  79-89. 

An experiment with an instantaneous source of tracer was 

conducted in the southeast portion of the Baltic Sea on July 14-15 1972 on 

board the R/V's Okeanograf and Yurate.    The experimental process is 
described in detail. 
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The following are the main results obtained: 

1.    The coefficient of horizontal turbulence   K^, ranges 

from 10      to 10   " cm   /sec.    The dependence of K, on the turbulence scale 

i can be satisfactorily approximated by a 3/4 power law,   as seen in Fig.   1 

Ls/fjfa/ty 

SlgrKcm) 

Fig.   1.    Dependence of coefficient of horizontal 
turbulence on turbulence scale. 

1-5 - present    experiments; 6 - after Ozmidov, 
1968; 7 - estimated from dissipation of turbulent 
energy. 

2. The dissipation rate of tracer concentration at the center 

of the tracer patch depends strongly on hydrological conditions.    Its time 

dependence can be approximated by a power law with exponent in the range 

of 0.9-3.5. 

3. The maximum depth of tracer penetration does not exceed 

10 m.    The penetration depth coincides with the upper boundary of the 

seasonal thermocline,   and corresponds to ein approximate depth of wind 

mixing (~ 13 m). 
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The results obtained made it possible to hypothesize the 

existence of a thin surface layer with circulation cells which are apparently 

elements of vortices with horizontal axes.    A hypothetical scheme of coastal 

circulation,  based on present result« and additional data on temperature, 

salinity,  and flow at different water levels,  as well as on wind conditions, 
is shown in Fig.   2. 

a 

■ 
i 

* 

■;. 

Fig.  2.    Hypothetical scheme of water circulation 
in the coastal region, from experimental data. 

A - tracer patch 1-2 hours after release; 
ß - undercurrent; B - vortex with horizontal 
axis;    f - Ekman spiral. 
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Davidan,  I.   N. ,   T.   A.   Pasechnik,  and V.   A. 

Rozhkov.    Determining components of the   equation 

of wave energy balance in spectral form,  and some 

model calculations of probability characteristics of 

wind waves.    Trudy COIN, no.  122,  1974,   59-78. 

The authors develop expressions describing the generation 

and propagation of wind waves.    The problem is attacked through a wave 
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energy balance equation in spectral form: 

_DS   _ ^S    ,        (?5    .        OS      , ■    dt 
Dl   ~    dt    i'®*  öx "I ^y  0V"''y"ök7 

öS -S. (1) 

The equation is solved analytically as well as numerically,   using experimental 

data obtained in the Atlantic Ocean west of the Iberian Peninsula (see Table 1, 

Fig.   1). 

2<ft\   (hrs) 

Fig.   1.    Spectral density S(a), t) (m    sec) for wind 
waves observed by the R/V's Okeanograf (a) and 
Aysberg (b) in 1969. 

The source function 6=3   (A-, y, t, w, 9)wa8 determined  using 

approximations for spatial spectra of ocean wind waves based on experimental 

data (Davidan    et ai. ,  1971; Davidan,  1967) for two cases: a stationary 

inhomogeneous process for which case Eq.   (1) takes the form 

^-^iS), 

and a nonstationary homogeneous process,   for which case 

(2; 

/ -i / = i 
(3) 

The results of calculations are shown in Fig.  2.    It was shown that the source 

function can be sufficiently well approxirrated by a 4th order polynomial whose 

coefficients are functions of V,  cü ,   and 0. 
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0 ,<?   M ;   CJ?  msfPTf 

M ■ 
Fig.   2.    Source function for a stationary 
inhomogeneous (1,   2.   3) and nonstationarv 
homogeneous (4,   5) process. y 

? ' L= In m/SeC'   0 = 0°.  w = 0. 9 rad/sec; 
L"io; o'o 9.9;3'14' 0' 0-9'4;10' o, 1, 

f 

Analytical solutions of Eq.   (1) were found for a dead swell and 

for waves in deep water generated by a uniformly steady wind.    Numerical 

solutions to Eq.   (1) were then found,  using the approximation of a two- 

layered differential scheme.    Experimental data were modeled in three 

varxants: a) in accordance with the analytical solution for a dead swell,  assuming 

that energy propagates in one  direction only; b) in accordance with the 

analytical solution for a dead  swell and an empirical expression for angular 

dxstrxbution of wave energy (Davidan et al, .   1971); and c) in accordance with 

Eq.   (1),  where the right side of the  equation is taken after Barnett,  1968. 

It is concluded that results of the calculations suggest good 

prospects for study of ocean waves on the basis of numerical integration of 

(Note:    This is an expanded treatment of the same article 

reported earlier (Sov.  Maf 1.  on Int.   W.   Eff. ,   no.   3,   1975,   61). 
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Davidan, 1. N. , and I.. I. Lopatukhin. 

Wind and wave distribution patterns in 

oceans and seas.    Trudy COIN, no.  122, 1974, 
108-123. 

f 

A study was made of wind velocity and wave height distribution 

in the North Atlantic Ocean and  its marginal seas,   as well as of accuracy 

of visual observations on these parameters aboard commercial ships.    The 

large volume of data used came from U.  S.,  German and Soviet sources. 

It was found that Lhe parameter >    in the Weibull distribution, 

as well as median wind velocity evaluated from visual observations,   are 

lower than corresponding values from instrumental data by 0. 3 andO. 2-1. 3 m/se 

respectively.    The analysis of the relationship between visually and instrumental 

estxmated wave height was reduced to finding Hh^/h^,  where 1.3     is the 

V/r - quartile of the measured wave height distribution and h   .    is visually 

observed height of a prevailing wave system.    The results o^the analysis 

are shown in Fig.   1.    The best approximation of the regression line in 
Fig.   1 is in the form y = axb. 

h   .   (m) vis      ' 

/0 

•n - - 

■ S-l —1 

8' 
/2; 

Fig. 
and 

1 
me 

L_ A. j 
10 

Mean values of ^ at given hvi8 for »mall SovietTa 
dium and  large Soviet and foreign8shiDS fbT 

J 7f       VI 

% I 
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An analysis of ynnd velocity distribution revealed a close 
relat.onshi,, between its deviation (in the ranges of very small and very 

lush probatilities, from the Weibull distribution and parameter y   of the 
Weibull distribution,   as shown in Fig.   2.    The parilmeter6 of the ^.^ 

10: 
20[ 

'0\ 

so\ 

so\- 
92\~ 

»L 

?:.- 

'o ••., 

\Z,6 

0.05 -i- 1__L 
0.1 -L. 

0-2      0.3   OA   0.3 W -^—x t 
^      30      45     ^~ 

where a = 0.693) y rW^=exp[—( *L ' 

distribution for the North Atlantic and marginal 6eae ar? 8hown in ^   ,_ 

The distribution of wave height, wa. found to he well expre.^, 

(1) 

/ (/  )        rfc";1 ^exP|- T-ln3(*»)-'.|^. for A.>I0 

cxp j    7(/r♦),) 
for A* < 1,0 
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Fig.   3.     Distribution ufy  and v        for fh« 
North Atlantic and marginal sea0s-.5 * 
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dashed lines and bracketed  figures - summer 
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distribution of wave heights tor the North Atlantic and it- marginal seas 
are shown :,n Fig.   4. 

i.o 
(t.-j) 6 

r C 

Repriducvd  from 
best  available  copy. 

Fig.   4.    Distnl^Uion of 
niars^ina] seas. s and h0# 5 for the North Atlantic and 

solid lines - winter; dashed lines and bracketed figures - summer. 
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Mikhaylov,   Yu.   D.    ^tistical characteristicg of 

the Uirhulent   field of flow velocity,   and their   ■ 

evaluation in the  coastal zone of the Baltic Sea. 

Trudy GOTN,   no.   122,  1974,   90-107. 

Amethod is proposed for calculating the paramelers of 

f.urbulent flow from flow velocity field measured by tl e self-contained BPV-2 

current meter.    The results of calculations made for different regions of the 

Baltic Sea are shown in Tables  1 -6 and   Figs.   1 -4. 

Table  1 

Change of turbulent energy with distance 
off shore and depth 

Observation Sea Distance Water 
period depth. m off shore, 

km 
depth, 

m 

Na rva Bay 

10/20 -  11/06 !968 10 2 5 
10/23 -  11/2J 19b 8 16 8 1 1 
09/13 -  10/17 1968 40 20 14 

Northeastern Baltic 

10/09 -  10/26 1968 8 2 5 
06/23 - 07/06 1963 17 1 2 6 
06/23 - 07/05 1963 19 18 10 
06/08 - Ob/25 1969 42 24 14 
10/10 -  10/30 lrJh8 8 7 4 5 <; 

10/15 -  10/31   1967 

Northeastern Baltic 

87                  6 5 j 4 
87                  65 60 
8 7                  6 5 80 

c» 
2 

cm   s 

49 
26 
24 

77 
47 
44 
41 
19 

27 
41 
55 

1 
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Table 2 

Northeastern Baltic 
Southeastern Baltic 
Gulf of Riga 
Gulf of Finland (west 
Gulf of Finland (east' 

Note: |D(u/2) -D(„<|)|' 
Huh)' •■   («/,) 

1. 
6. 
1. 
4. 

8 x 
4 x 
2 x 
4 x 
1 x 

10 
10-5 
10-4 
10-4 
10-4 

6. ] x 
7.4 x 
9.2 x 
2.2 x 
1.8 x 

io-4 

10-4 
10-4 
10-3 
IO"3 

2. 0 x 10' 
2. 7 x 10-4 
4. 1 x 10-4 
3.7 x 10-3 
1.2 x 10-3 

Table 3 

I 

I 

1 

I 

I 

I 

Change of e with dist 

Observation 
period 

10/20 - 11/06 J968 
10/23 - 11/21 1968 
09/23 - 10/17 1968 

10/05 

ance off shore and depth 

Sea 
depth, 

m 

Distance 
offshore, 

km 

Narva Tay 

10 
16 
40 

2 
8 

20 

Water 
depth, 

m 

5 
11 
14 

0/31   1967 «7 
ii 

>S7 
ii 

87 

Northeastern Balti< 

«5 
05 
0 5 

2      -^ e,  cm   •s J 

10^ 
10-5 

5.6 x 10"5 

14 2.8 x 10'4 

b0 4.2 x 10-4 
80 1.6 x 10-3 
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Table 4 

Northeastern Baltic. 
Southeastern Baltic 
Gulf of Riga 

Gulf of Finland (westi 
Gulf of Finland (east) 

2.4 x 10 
I.1 x 106 

1. 4 x JO 6 
9.7 x 10* 
4.9 x 105 

Note: K 

- 1 .5 x 10' 
- 3, 5 x 10^ 
- 3. 0 > 10b 

-  i. 0 x 10^ 
- 9. 8 x 105 

t..O x 10 
2.C x 106 

2.0 x 106 

3.9 x 106 

7.3 x 105 

I 
I Northeastern Baltic 

Southeastern Baltic 
Gulf of Riga 

Gulf of Finland (west) 
Gulf of Finland (east) 

Tabl 

25.0 - J06.0 
22. 1  -65.2 
13.3-44.0 
8.3 - 44.4 
7.9-9.7 

Not< T/ = S-, 

43.3 7.2 - 69. 3 
33.3 4.8 - 16.4 
23.8 1.1 - 8.0 
29.1 1.2 - 24.5 
8.8 0.8 - 0.9 

24.3 
9.0 
5.5 

10.8 
0.8 
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Table 6 

of r,   with distance off shore and depth 

1 
1 

Observation 
period 

Sea                  Distance 
depth,             offshore, 

m                      km 

Water 
depth, 

m 

rL, h 

I Narva Bay 

I 
10/20 -  11/06 1968 
10/23 - 11/21  1968 
10/23 - 17/10 1968 

10                          2 
16                           8 
40                        20 

5 
11 
14 

44 
109 
117 

I 
m 

Northeastern Baltic 

10/05 - 10/31  1967 

ii 

87                        65 
87                         65 
87                        6 5 

14 
60 
80 

25 
27 
10 

i 

I 
I 
I 
I 
I 
1 
f 

2   -3 €,   cm   s 
'J- 

!0  \ 

1C'5 

to'r' 

V 

• 2 
k 3 
a « 

o 5 
■ o ß 

x 7 

o   a 

^ 

'0*  i0J   10'   f0s   10s    'C't,   cm 
_L_ 

C.CO!   001 '0    WO km 

■0*i cm 
Fig.   1.     Dependence of e on 
turbulence scale. 

1- Nan'niti; 2- Ozmidov and 
Okubo (5-14 m layer);  3~ Gulf 
of Finland (east); 4- Southeastern 
Baltic; 5- Northeastern Baltic; 
6- Gulf of Finland (west); 7- Gulf 
of Riga. 

Fig.   2.    Dependence of K^ on turbulence- 
scale. 

1- offshore distance 1-10 km; 
2- 10 to 20 km; 3- 20 to 65 km. 

-115. 

T'^'-i^^'rir'ni" "'riiirir'iTin'"!!' i ""r-i Trr'rirri-iii,"r-iriiinrrt[tgrrnrimiinriT'i>iirirTri Tniwiiiifinii n iiru * i m\ i n H IIIIH uniriii i WHIIIIII iMimiMiMiHiüjumiii 

s v--..-;-v.^. -. .'.V.;J i^v". A^^.liki^-.> j^«;:^,^ .^ J'rt™;^£.i>^:*, ','■:&, v rtW&Ui**» ■,*>:. ^^.Hi ^iiWrtitiiv;-.! .^ .■■■-. .;iU-   ^:-.... - ^-^.-^.^Wr^-^.i..^.r^i,JJt^..^..:i^^t-^Wl!J^ 



i ■ I 
i 
i 
i 

a 

n 

I 
I 
I 
f 

K 
i' 

I      -1 
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i.     I    -Six 

v A?-Li,   cm 

Fig.   3.    Dependence ')[ Jv   un offshore distance. 

1   - turbulence scale 0.2 - 1 km; 2 - 1-4 km; 
i - 4-10 km.     Designations as in Fig.  2. 

I, km 
/or 

t / 

o 2 
o 3 
x /- 

Fig.  4.     Dependence of vortex life time T 
on its size. 

Designations as in  ITig.   2. 

L 
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Chashechkin, Yu. D. On the characteristics 

of submerged turbulent jets in inhomogeneous 

fluids.    FAiO,  no.   6,   1974,   1331-1333. 

An analysis of the dynamics of submerged turbulent jets 

in inhoxnogeneous fluids is given;considering horizontal flows for the case 

of equal fluid density inside   and outside the jets. 

The analysis shows that if Re » I,   internal Froude number 

F»  1,   and scale factor C  - A/d »  ],   then the stratification effect in the 

initial stage of the development of turbulent jets can be neglected.     Estimates 
5 

of Re,, (x) and F    (x) at Re > 10   ,   based on the self-similar solution of the 

equation of motion (Birkhof and Sarantonello) are given in the table. 

The development of turbulent jets in stably stratified fluids 

is characterized by collapse - limited growth of their vertical dimension, 

which occurs before turbulence degeneration within the jets.    Characteristics 

of geometrically similar turbulent jets in stably stratified fluids coincide 

ii their F and C numbers coincide.     If the similarity criterion with respect 

to C is to be satisfied,   /\ = (d£np /dz)       should decrease with a decrease of 

jet size,   winch leads to an increase in frequency N.     Similarity will occur 

if the jet size decreases by a factor of n and N increases by a factor of 

-J 17 
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2^ Surface Effects 

Zagorodnikov,   A.   A.    Relationship between the 

parameters of the Duppler spectrum of a radar 

signal reflected from the sea surface and spatial 

characteristics of the sea waves.    RiE,  no.   2. 
1975,   288-292. 

A mathematical correlation is derived fo r measuring the 
three-dimensional spectrum S-^k,   0,  ip) of sea wave orbital velocity V 

(x,   y,   t) and wave height group distribution.     The analysis assumes that 

the spatial fluctuation of the first and second moments of Doppler frequency 
fD (x,   y.   t) of the reflected radar signal is known. 

i 

I 

I 

The SM spectrum is given in polar coordinates k,   0, tp 

where k is wave number,  cos 0 is the wave propagation direction,   and (p 

is the angle of transmuted beam direction to the x-axis (x and y are the 

Cartesian coordinates of the resolution area).    The instantaneous distribution 

of Vr (x,   y) components over a sea surface,   and spatial characteristics of the 

sea waves,   can be determined from Doppler characteristics of the signal, 

since the  time  At of radar  return differs by 1 to 2 orders of magnitude from 

the correlation interval AT of sea wave profile fluctuations,   i.e.   during time 

At,   the large-scale wave profile  remains effectively unchanged (frozen). 

The first moment M[fD (x,   y,  t)] is correlated with the 

radial velocity of a sea surface layer on the basis of the relation f   (x,   y,  t) 

2Vr (x,   y,   t)/X using a procedure analogous to that described earlier by 

the author (RiE,  no.   3.  1972,   477).    In final integral form,   the spatial  ' 

correlation function R^ of a field of the M[fD (x,  y)] random values is given as 

A 

Ru (r, a) = _ J JKgS, (A', 0) S, (K, 0) (cos' 0 cos« fc+sin» *,) X 
p -1 

Xcos[Ä>cos(Ö   a)](IK(l(\: 

S- (K, 0) =e.vp (   VA'2 cos5 0-VA" sin' 0). 

(1) 
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Here p  and a   are polar coordinates on the sea surface,   r is the correlation 

coef^cien^g is gravity acceleration.  ^ iB the glancing angle.  S  (k.   0) is the 

two-dimensional sea wave spectrum,  and SG(k.   0) is the frequency response 

of a two-dimensional filter represented by the resolution area.    The function 

R      (r, cc ) xs the Fourier cosine transform of Sz (k,  0) and S^ (k.   0).    Hence 

the spectrum of the field of average fD spatial fluctuations is determined by 
the relation 7 

(2) ^(A',0,(())^-2-A>^(A',0).Sfi(/i:(e-cp)[cos'(0-<P)co8'^-f-sin'toJ. 

For high spatial resolution,   when linear dimesnion of resolution area 

D<(0.1-0.2M   M iS the average sea wave length), the  spectrum S 
(k.   G) of the vertical component of Vr (1) and S     (k.   0) can be determined 
as the sum of two spectra of the averaee f    fiplri af rv,„f     n . average iD tieid at mutually perpendicular 
irradiation directions: 

MA-.o). ^^. o) ^[!r^^Wf^^] 
Sx(^8)-(*g)-'S„ (£)0). (3) 

To simplify calculations, the  one-dimensional spectrum 

SM (..cp ) of a radar return from the cp   direction is substituted for the two- 

dxmensional SM (k.   0. ^ ) spectrum (2),  by substituting the variables " 

McosCe-*')/; 0} forfK,  0},  and integrating  over all 0 directions 

Two practically important 

glancing angles (cos ^1.   sin ^ * Q).    in the case of a hi 

resolution of the radar in all directions, 

ponant cases are analyzed for small 

igh spatial 

In the case of high resolution in the longitudinal direction only, 

D(transv)>A;  %(K' 0~<P)a'6(e~(P); 

•y"(v.fp)"='~^v^(vie-(p). 

(4; 

(5) 
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in the  latter case,  SM {V, <p) which is proportional to M[fD (^ <p)] is equal, 

when corrected with a constant,  to the cross-section of the two-dimensional 

spectrum of vertical component V    in the direction of observation.    The 

two-dimensional spectrum of V    can be plotted from the cross-sections 

obtained from different ip directions; the two-dimensional spectrum of sea 

wave profile is then derived from the   V    spectrum. 

Analogous but more complex correlations can be derived 

for spatial fluctuations of dispersion and spectral width of a signal. 

Evaluation of the group structure of sea waves is simpler,  if the cited 

parameters are used.    The 0. 5-level width of the Doppler spectrum can 

be expressed through dispersion of the sea wave slope heights or through 

the average height h as 

-V..:-<'.4i.v. ■(^) nm\)F{m<a)U.  Ä^2ji 
o*2. (6) 

where m is a dimensionless factor. 

Wave heights at the minimum of a group envelope may differ 

from h at the maximum by a factor of 3 to 7.    The width Af„   g is close to 

maximum, when dimensions of resolution area and average wave length 

are commensurate,   e.g., AfQ   5 = 0. 97 fg   5 max at D/A 1.2. 

It is recommended to average the visible   wave height« 

because of the randomness of a wave profile.    For example,   given a 

sinusoidal wave profile,  the ratio of visible height to the rms value of wave 

profile is equal to Z^/P,  or nearly equal to rZv   = h/a    for a random profile 

with Rayleigh distribution of wave heights.    Fluctuations of wave heights in 

a group of waves can he evaluated from spectral width fluctuations by 

shifting the resolution area along a ergoss-section of sea surface (Fig.   1). 
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Fig.   !      Wave height envelope measured with 
an a. .borne Doppler radar wave recorder in sea 
waves with a group structure. 

Similar data were obtained in parallel 

recorders. The author notes thai the 

exhibit a j^roup structure. 

measurements with contact-type 

peak wave heights in a group also 

Zagorodnikov.   A.   A.     Determining gjpectraj 
characteristics of sea waves by analyzing the nn^- 

jnal. 

140-154. 

dimensional spatial spectrum of a rari^r «i^.i 

Morsk.   gidrofiz.   issled. .  no.   3(62).   1973, 

considered as a two-dim 
Mathematical proof is obtained that a radar must be 

the spatial structure of 
ensronal filter of spatial frequencies in determinin, 

a sea surface from its radar image. 

The two-dimensional spatial spect 
a wavy sea surface is expressed as 

rum of a radar image of 

(i) 
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where u^,   n^ are the coordinates in the wave number plane, which are 

parallel to x},  x^ (y^   y^) axes,   respectively; S,, and S» are Fourier 

transforms of the echo pulse characteristic F(x  ,  x  ) and the pulse 

transient characteristic G ^x.,  x   ) of the resolution areaj and S   (u   ,  u   ), 
SN^Ur   U2.^ anci Sw'Ur   "^ are t^e sPace-frecluency characteristics of the 
receiver-indicator circuitry,  the beam spot,   and the entire radar system 

respectively.    The energy spectra S     and S0 of the radar image for 

fundamental and cross-polarization signals are given by 

"     1 
S -S  ^u 

if    q       t 
S S ~u    S    S-S 

/.  w      t,i  z     a    * N (2; 

where    S etc denotes complex conjugate) in which S. 
Z 

is I. e spectrum of the sea profile.     Equations (1) and (2) show that Sn(u       u.) 

depends on both S^Uj.x^) and ^^yi11,.   u  ) of the entire radar circuit,   the 

radar playing the role of a spatial two-dimensional filter. 

To simplify the practical solution,   various spectral 

characteristics of sea waves may be derived from statistical analysis of 

the one-dimensional spatial spectrum of the radar signal.    The formulas 

■*no 

Lfi); LAI) =5J« ., Sz Sw cosu£ 2 cCuf dut ; 

(3) 

of one-dimensional correlation functions LQ(^),   LQ(^),   L   (Tj).   L^ (T?) and 

spectra SQIUJ),  5^(1^),  SQ(u2),  SQ(u2) are derived from the corresponding 

formulas of the spatial temporal correlation functions Ln(4, r;,  T).     The 
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latter take into account the increments S,   and rjin radar signal level duo 

to shifting o£the observation poinl and wind wave components during time 

T  of image realization.    Eqs.   (3) indicate thai liiipring effects of the 

receiver-indicator circuit and the imaging system of the radar must be taken 

into account in evaluation of sea wave characteristics.    The possibility is 

shown of deriving from  (3) sued! characteristics    as one-dimensional sea 

wave spectra in a  random direction,   and cross-sections of two-dimensional 

.sea wave spectra,   in three particular cases.    Furthermore,   the coefficient 

m of sea wave three-dimensionality .an be determined by analyzing one- 

dimensional spectra of the radar signal.    For simplicity,  the  one-dimensional 

spectrum of wave profile slope in polar coordinates is used to formulate m, 

which is then defined as 

?' -CvAJ2 /• 4) 

where /^  and A, are the average c rest, length and wave length,   respectively 

By using (4) and the approximation of S. (K,  0) = S 

expressed as 
ZK(K). S     (0).  m i 

">    3\ 
(5) 

The formula (5) can be used for calculating m.   given an adequate selection 

of radar filter parameters. 
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Leykin.  I.   A.,  I.   Ye.  Ostrovskiy,  A.   D. 

Rozenberg,   V.  G.   Uuskevlch,   and I. M.  Fuks. 

The effect of long waves on energy spectra of 

radar signals scattered from a sea surface.  IVUZ 

Radiofiz,  no,   3,   1975,  346-357. 

An experimental study on the fine structure of radar 

signals backscattered from a sea surface at .mall glancing angles is 

described.    Results of the study are interpreted in the framework of a 

suggested model of the scattering   surface.    An increase in magnitude of 

radar signal frequency shift with respect to emitted signal,  and  signal 

polarization-dependence of the shift, which were observed earlier by other 

authors to be in disagreement with the theory of resonance scattering, 
are explained on the basis of the proposed model. 

A coherent-pulse radar transmitting at X = 3. 2 cm and 

providing for change in radiation polarization was used,  together with 

a parabolic antenna,  to measure the return signal E(t) = A(t) cxp [i*(t)] 

where A is the amplitude and * is the -slow- phase,.    During E(t) measurements 

earned out in the summer and fall of 1972 at Point Kodor in the Black Sea 

the antenna was placed on a 12m elevation at 50 m.  from the water's edge.' 

At a 150 to 750 m radar range,  the transverse dimension of the irradiated 

surface area varied from 4 to 20 m.  and the glancing angle 0   from 1 to 5 

degrees.    Both horizontally and vertically polarized E(t) were recorded on 

magnetic tape for 3sec to 2 min.  intervals, with irradiation directed counter to 

sea waves.    A wire-type recording wave gauge was simultaneously placed 
on a taut mooring in 25m of water and 400m offshore. 

The results of computer processing of recorded data are 
shown in Fig.   1. 

I 

-125- 

iltftiUfir    ■       -^.^^W,^^^.^,;!.:,.^....^..,^,...-.,:...,.,..^.. ,  ..-.■■-  ■■--'  •  ■   Ü  ;:.■   -:,....—..:-■<  ■■■.■.^■^ ■■.-...,.-...,.A. -,-■*.■■  ■     :•■ ...^ .--J.-,. ■..;■■.-...: ...^..^ 



: 

i 

»s|l.liJUiiIi(ilW!.piil|lji»jpijUlilllJip|luiippiW!,H^I..I!!Wl.ilJ'»i!i j.iliimWM m 11 iiB|i."liwwpiiwwF.uiiiiw.|ii w.ii.»~'■'w.m.iiinwj.i i. L i n -t.i.l.l^l!»J*l»U«.,Ml», l.l .   1 .»■ JU1!,!!»!^ 

Hz 

s 

sec ,. /Hz 

1 
I 
I 

I 
r 

Fig.   1.    Typical results of processed experimental 
data (20 Sept 72,   no.   3,   vertical polarization: 
a- F(t) and J(t) are distribution functions of instant 
frequency and intensity of the signal; b- R      (T) is 
the cross correlation funcMon of F(t) and /(F); 
c- Sc(f) is the sea roughness energy spectrum, 
S,(frand S   (f) are frequency fluctuation spectra of 
J(t) and F(f); d- SE(f) is the signal energy spectrum. 
All spectra and J values are plotted in relative units. 

The J(t) and F(t) values for each E(t) recording were determined as the 

integral of the "instant" energy spectra s(f,t) of sequential E(t) segments, 

each of 0. 25 sec duration,   and as the mean frequency (at half power point) 

of the energy-carrying spectral component,   respectively.    The maximum 

rms error of SE(f) evaluation (30 to 40%) is sufficiently small to determine 

the mean frequency shift AF which is defined as the center-of-gravity 
position of SE(f). 
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The foregoing process was applied to data of over ten 

experiments carried out in moderate seas at wind velocities to 6 m/sec. 

Analysis of the F(t) data from each experiment,   such as in  Fig.   la, 

shows that the mean T value and the mean square deviation (F-F)2 are 
identical at both polarizations.    This finding is illustrated by the linear 

approximation of the FV(VP) plot versus T^ (HP) values of several 

experiments.    In contrast,  J(t) distribution depende on polarization, with 

Jh values as a rule lower than Jv values.    It is shown that the maximum values 
Rm of the RJF(r) function (Fig.   lb) are high (0. 4 to 0. 8) and the calculated 
phase shift <pm between F(t) and J(t) at rm maximum of RJF(t) is zero. 

Both Rni and ^ are independent of polarization and glancing angle.    The 

absence of phase shift between F and J at both polarizations indicates that 

differently polarized signals are backscattered from the same elementary 

sea surface.    Hence,   polarization dependence of SE(f) can be correlated only 

with difference in signal amplitude modulation.    The fact that the peaks of 

SF(f) and Sj'ff) coincide with the peak of Ss(f) at f = fs of the energy-carrying 

spectral component (Fig.   1c) confirms that long waves are the main factor 

in controlling frequency and amplitude modulation of the signal.    As the signal 

reaches peak amplitude at F^,   the peak of SE(f) (Fig.   Id) is expected to 

shift toward higher frequencies in relation to F.   Thus,  AF is increased on 
account of modulation by long waves. 

^ 

1 
The geometrical optics model of radar signal scattering from 

sea surface (Fig.  2) is  used to formulate SE(f) md calculate AF at 

I 
! 

/  s <••-•    \ 

T 

Fig.  2.    Model of radar signal backscatter:   5= sea surface,  N« normal 
to S in a pomt r e   s;  k- incident wave vector    8 - k'/k    k-    h.   i,"    ^ 
wave vector, * : local angle of incidence, ^ i^'t^^^l 
r.   26- crest vertex angle, y = slope of d^r = arctg (dz/dx). 

■127- 

j 

i 

'*i^-   - ii -iimriiBtfH»^"-'-'-"^""-■■""-■-■■"-■^■i"-^--- 



mv*!m*mB*m'', , i*...».,,^,„,Av..(v ..*-:.^»i««i«(»iaapjjw^»»jw*a»*ii*^-««.;*«. 

I 
I 
I 
I 
I 

I 
I 
w* 

I 

I 
1 

at different polarizations.    Using concepts of resonance scattering 

theory,  the aithors simulate the sea surface by superposition of small 

ripples on long waves.    Scattering of a linearly polarized plane monochromat, 

wave from such a surface is analyzed, with allowance for surface shading 

Tj(r).    In the first quasistatic approximation of S shape,  Tj(r) = 1 for the 

irradiated S segment (to the right of point L in Fig.   2) and T}{T) = 0 for the 

shaded S area (left of L).    Under certain assumptions, the formula 

SEU) - |>r|r.(r)/?(r)|.e|( "o - 2kpy (r)J        (.„ = 2:r/) 
(1) 

is derived,  where d2r is an element of S,   B(r) is the amplitude factor, 

Wo is the wave carrier frequency,  and V is the Lagrangian (orbital) 

velocity of d  r.    It is shown that B(r) versus 0 plots,  hence ^(r)- and 

y-dependences of intensity of a signal scattered from a long wave element, 

are different for vertically and  horizontally polarized radiation.    In 

contrast.   F = k^ V(r)/Tr is independent of polarization.    The spectrum 

SE(f) can be calculated from (1),  if the long wave profile and V at any 

point of S are given.    In the first approximation of a real sea surface,  the 

wave profile is represented by a smooth cueped trochoidal curve which is 

described during time T in the x-z plane by a surface element along the 

major axis a of an ellipse.    For this profile and sufficiently small 0, AF 
depends only on the horizontal V component. 

m (2) 

where/  is the wave length.    A significant phase shift between F(x) as 

calculated fronyhe cited F and Eq.   (2) formulas,  and backscatter intensity 

J(x)~   7?(x)B(x)    ,  contradicts the cited experimental data,  even for the 

extremely cusped profile a = 1. 5H where H is the wave amplitude.    This 

discrepancy led to adoption of the simplest profile,which features a 

discontinuity at the crest and which is described by the parametric equation 

2 = lG//|^p;.p _. //   (i^i ,.  v^ 
(3 
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The shading function rj (r) was calculated as the result of plane wave 

diffraction by a wedge with 20 ^ TT -2 arctg (12. hM).    The angle 0 = ^' + y 

in the shaded area and ip = ip   + y   in the irradiated £,rea (Fig.  2). 

An example of numerical calculation of S-^f) and other 

characteristics of the signal and the scattering surface are illustrated in 

Fig.   3 for the parameters X   = 3cm. ,   ^  = 7 deg.,  H/A = 0. 03,   and T = 2. 3 s 

The SE(f) plots show that AF for horizontal polarization is significantly greal 

S,,^  _____ 

.•},- ' • // \       j 

1' |* 

-,.: 
a 
on 
o 

VP 
"I 

■ —.r... 
f.* 

-l^Tp 
/»A 

Fig.   3.  a- Signal energy spectrum S1r(f) (in 
relative units),  period averaged for fwo 
polarizations; b- plots of surface profile Z, 
Vx,  surface slope y,  0 ,  and backscatter 
amplitude A = J1/^ (in relative units). 

than for vertical,  because in the former case the area around a creel with 

Vx > 0 is the major contributor to backscattered signal intensity a-, *Uwn 

by long wave profile-distribution of A(Fig.  3b).    With a verticaJ «i^nal. 

it is a wave trough with ^ < 0    which contributes significantly to hackscattrr 

as shown by high SE(f) values at negative f (Fig.  3a).    The theoretical plots 

of the relative frequency shift OF = AF/Fm, where F      = 2V/A.   is the 

maximum Doppler shift,   versus 0 (Fig.  4a),  show th^ at the limit 
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Fig. 4. a- Relative F shift versus glancing angle 
l}>.    Curves I,  11, III correspond to H/   =0.008; 
0. 015,  and 0. 03,  respectively, at a = 1. 5 H; b- shift 
AF versus ij):   dashed and continuous lines are 
theoretical curves for VP and HP points 
represent experimental data for sea states with H = 
0. 2 m, wind velocity W = 3. 5 m/sec,  H = 1 m, 
W = 1. 5 m/sec,  and H = 0. 4 m, W = 3. 5 m/sec, 
respectively (black points correspond to vertical, 
clear points to horizontal polarization). 

AF-*F    (lb   = 0) only wave crests, where V    = V, are irradiated.    At m x 
increasing 0 ,  AF decreases because of power amplification of backscatter 

from a wave trough.    The steepest waves with the highest slope H/A 

exhibit the strongest polarization dependence of AF.    Comparison of the 

theoretical AF (^ ) curves with experimental data (Fig.  4b) shows that the 

proposed surface model adequately describes the experimental data only 

in the case of a gentle breeze (W = 1. 5 m/sec).    In two other experiments» 

AF values for vertical polarization differ significantly from those for 

horizontal,  in contrast with the corresponding theoretical values. 
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In discussing the cited theoretical SE(f) data in the framework 

of resonance scattering theory, the authors offer a fairly simple physical 

Interpretation.    The basic causes of polarization dependence of AF are a 

strong decrease in backacatter intensity for a horizontally polarized 

signal,  when 0 is decreased,  and a difference in shading function ^(r). 

with vertical polarized radiation penetrating the shaded region more than 

a horizontally-polarized signal.    As a result of the cited factors 

horizontally-polarized radiation is backscattered mainly from niar-crest 

areas moving at a high speed toward the radar site.    These effects are 

clearly evident even with the simplest surface model, provided the crests 

of trochoidal waves are cusped.    Even better agreement between theoretical 

and experimental AF values can be expected by simultaneously adjusting 

the orbital velocity field V (r).    Evidently,   smoothing of the double-humped 

spectra (Fig.  3a) to approach the shape obs.rved in nature can be achieved 

by assuming that the ripple spectral density,  hence backscatter intensity    is 

hxgher at a wave crest than in a trough,  and by taking into account the 

randomness of the long wave profile.    Also,  signals reflected from breaking 

wave crests may contribut e significantly,  especially with horizontal 

polarization,to backscatter intensity by increasing A F and altering the 

radar return pulse with powerful spikes,  as observed by A.  I.  Kalmykov 
et al.   (Preprint IRE,   AS UkSSR.  Khar'kov.  1975). 

of sea waves and transmi 

Polovinko.   V.V.    Study of the sea surface 

by a photographic method.    IVUZ Geod.  no. 
4,   1974,   91-95. 

An analysis is given of the relationship between slope angles 

•ssion coefficients of a photograph of the sea surface, 
and the accuracy was evaluated of calculations based 

on this relationship. 
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The expression obtained for the illumination intensity at 

a point on a photograph of the sea surface allows one to calculate slope 

angles of sea waves.    Errors in determination of wave slope angles are 

shown to be due to   nonlinearity of the transfer function of the optical 

system.    The degree of nonlinear distortion is defined by the coefficient 

of nonlinear distortion, y.    An empirical expression for the dependence 

of y on image angle is obtained in the form 

T(2w') = /« + «(2w/)    (o^ (1) 

where m = 22,  n = 0. 713,   2 0)' < 30°. 

Other errors caused by variation in salinity or temperature 

of the seawater are shown to be negligible in comparison to the nonlinearity 
error. 

^ ;'-' 

Lyapin,  K.   K. ,  and I.   F.  Shishkin.    On the 

problem of radio wave scattering by a sea surface. 

Radiotekhnika, no.  12,  1974,  34-39. 

The calculation is given of effective r-f scattering area 

using the Kur'yanov model of a sea surface with normal height distribution. 

The sea surface in this model is considered as a superposition of large-scale 

and small-scale gently-sloping elements defined by their statistical 

characteristics.    A large-scale element of the sea surface satisfies the 

conditions for application of the Kirchhoff formula,  and the problem is 

reduced to determination of the diffraction field of the sources on that element. 

The results of calculations by the developed formulas, 

illustrated in Figs.   1 and 2.  agree well with experimental data.    Here the 
effective scattering area is given by 

a0«--  x 
—-Uuji 

«a* 

(1) 
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Fig.   1.    Effective scattering area 
vs.   incidence angle for the case 
of vertical polarization. 
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Fig.  2.    Effective scattering 
area in the case of horizontal 
polarization. 
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At incidence angles 0o > 0omin the effective scattering area of the sea 

surface is seen to depend on polarization and r-f wavelength; reflection of 

radio waves is determined mainly by scattering on small-scale elements 

which satisfy the condition   ?.»4..1/s sin 00.    It was further noted that shading 

of scattering elements is appreciable only at large incidence angles.    The 

authors hence suggest that the "resonance" mechanism observed in 

acoustics can be extended to back-scattering of radio waves by a disturbed 

sea surface,  when irradiated at certain angles. 

Trokhan,   A.  M. ,   and S.   R.  Stefanov. 

Optical-acoustic method for measurements of 

turbulence characteristics.   Tr.   VNII fiz. -tech. 

i radiotekhn.   izmereniy, no.  14(44),  1974,  40-46. 

(RZhMekh,  12/74,   #12 B1338).  (Translation) 

The principle in the use of the proposed method is described 

Various characteristics of measuring circuitry and basic metrological 
parameters are considered. 
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Stefanov,  S.   R. ,   C.  S.  Trubetskaya,   V. M. 

Sysak,   and A.   S.  Salomatin.    Contact measuring 

de 'ices for turbulence characteristics.    IN:    Tr, 

VN11 fiz. -tekhn.   i radiotekhn.  izmereniy,  no. 

14(44),  1974,   98-102.    (RZhMekh,   1Z/74,  #12B1339). 

(Translation) 

Contact measuring devices are described for turbulence 

characteristics (pulsations in temperature,   electrical conductivity,   velocity 

with grouped sensing elements using various types of  transducers. 

: 1 
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